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ABSTRACT 


Aromatic radical anions, such as sodium naphtha- 
lene, were found to dehalogenate simple oa-haloketones 
to the corresponding ketones. The ethylene ketals of 
these a-haloketones were also dehalogenated by these 
reagents. Sodium trimesitylboron was shown to be a 
more, etficient.reducing, agent. than, sodium naphthalene 
underythe conditions Of. investigation. 

theecy cdi zatione Ota Simple, olefinic ,acetylenic, 
andaaileniCeketones santo daivice-memberned. cyclic, tertiary 
alcohols was achieved by the use of radical anions. 
The success of these transformations was found to be 
haghivyidependent: on.ithe choice,of the, appropriate 
Feagentenareagents investigated: were sodium biphenyl, 
sodium trimesitylboron, and lithium trimesitylboron. 

a-Haloketones were found to be readily prepared 
by the acylation of bistetrahydropyranyl malonates 
with a-haloacid halides. The method appears to be 
mainly advantageous in the preparation of a-haloketones 


of the type RCHXCOCH.R'. However, the acylation of a 


2 
tetrahydropyranyl ester of a monocarboxylic acid with 
an a-haloacid chloride was found to yield a mixture of 


products. 
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PART I 


SOME’ ASPECTS OF ‘THE CHEMISTRY’ OF RADICAL ANIONS 
GENERAL INTRODUCTION 


The transfer of one electron to a neutral mole- 


cule generates a negatively charged species possessing 


am oad Tiumber ‘of electrons ) ‘called! a TYadiica'l anion.+?¢ 


HOt + 20 ee ee Or (ay 


phe electron Ss usualy transterred *to tthe: acceptor 
molecule either by chemical methods (from an alkali metal 
Omitan alkaline earth metaltior ananion) tor by? electro- 
ly GucVor photolly tic reduction.» 

Because of their dual nature (anionic and radical), 


radical anions are intermediates of very high reactivity 


4 


iy aivariety ‘of organic ‘reactions, A large number of 


organic ‘compounds ‘exhibit this! ‘capability to 'receive ‘an 


electron with the ttormatwvon of radicals anwvonske = some 


Peake RTs 


examples are: aromatic hydrocarbons, heterocyclic 


ae See 


compounds, systems containing conjugated bonds and 


electron withdrawing groups, such as aryl ketones, 
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tetracyanoethylene,> and systems containing other ele- 
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andutransition metals. 


These organic radical anions are readily detected, 
identified, and: characterised by, visible and ultraviolet 
spectroscopy, and polarographic and electron spin reso- 


ise S 6 


nance; (ESR)rmethods. Their preparation and their 


physical and chemical properties have been extensively 


reviewed by several authors.!~° 


However, within the 
framework of the problems investigated in the present 
study, we are mainly concerned with some of the chemistry 
ofathosesradicalwanions, originating from aromatic hydro- 
carbons. Special attention will be paid to their syn- 
Eheticeutilityeasyreducingeagents)4either byl initiating 
the cleavage of bonds or the formation of new bonds in 

a synthetically useful manner. 

Of all the methods available for the formation of 
aromatic radical anions, +7 the most developed approach 
is thenchemical reduction»with free metals. 

For over one hundred years, it has been known that 
aromatic hydrocarbons may react with alkali metals. As 
eatlyaasailsoy75 Bertheloti obtainedrea blackoaddation)pro- 
duct on fusing metallic potassium with naphthalene in 
a closed tube. +? But thes first real ccomprehension of .this 
phenomenon is attributed to Schlenk and his colleagues 
who studied extensively the formation and reactions of 
Fa 5 


adducts from alkali metals and unsaturated hydrocarbons. 


Because of the early emphasis on the "radical" 
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nature of these adducts, the first structures proposed 
distracted the attention of earlier workers from the 


1OnLG properties. of, these compounds. !?»1 


In 1930, Scott and coworkers ti 


obtained dark green 
solutions from the interaction of sodium metal with naph- 
thalene in some specific solvents such as dimethoxyethane 
or dimethyl ether. Moreover, this reaction was considered 
aecover Sip le aprocess, Since on addition of benzene and 
removal of the solvent, naphthalene and finely divided 
sodium were regenerated. 

These observations were later followed by several 
detailed Studies which revealed that» many polycyclic 
aromatic hydrocarbons (for example, biphenyl, phenan- 
three, -ancitacene, ctc..) 10rm stable, highly coloured 
solutions with alkali metals in ether-type solventset 7° 
These solutions are conducting and paramagnetic. Thus, 
in, terms Of the modern concept of electron transfer 
reactions, they have been formulated as consisting of 
lonic substances--alkali metal cations and aromatic 


26 


radical anions as tblustrated for sodium naphthalene. 


. a sf 
Na + ae Nal <a Se OU 5 
> | ise @e@) (2) 


where S= ether-type solvent 
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These alkali metal-aromatic hydrocarbon complex 
solutions are very reactive towards a wide variety of 


substances, such as oxygen, Water ae” carbon monoxide *+ 


carbon dioxide, sulphur drortden- alkyl hatte 


@raamanyrOuners CleCLTOpNilic Organic compounds. 7’ ~~” 
Sodium naphthalene can undergo two types of 
Werceron: Ww) aie lecctron transter reaction as tilus= 
Grated (€d...5) for Lhe .-Ormacion of the anthracene 
radical anion (the position of the equilibrium depending 


Omycthe reldtive electron affinities of hydrocarbons A 


aid) (BY) 


(OO). os 
OO) *« [OOol 


B 
(3) 


Peer TNC TCOpnImiic = react Onuwras: Im the react Lon Of 


sodium naphthalene acting as a base towards water to 


eS, sls 
form dihydronaphthalene. ’” (eq. 4) 
2Na~ loo) i‘ 2H,,0 ie? 
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H 
+ ts 2NaOH 


HOt 
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This duality of reactivity of sodium naphthalene 
has been the subject of recent studies by Bank and co- 
workers. 19°20 These investigators have attempted to 
correlate the competition between electron transfer and 
proton abstraction with the states of ion-pairing in a 
variety of solvents or combination of solvents. The 
importance of solvation and ion-pairing in radical 
anion chemistry is well documented.49>41 

Kinetic studies have shown that for -electron 
transser fromesodium naphthalene, the; reactavityz order 
lomeuGee., we lOOSC. ew CONtCACT- LON.  palrsi. Whereas LOr 
proton transfer to sodium naphthalene by water, the 
Ordemiays Cxactly *themreverse ~ "contact Bienss> “oose."s 
Miree™ ions.!? 

In the reaction of sodium naphthalene with an 
Organic substrate-wheech—offers bothithe possibility of 
electron transitter and proton abstraction, such as phenyl- 
acetonitrile, the conclusion reached was, that electron 
transfer can be varied from a minor process to. a major 
process by solvent variations .7° For’ example, a solvent 
such as tetrahydrofuran which favours the formation of 
Pigit Ton -=pauns wavours: the ynucleophi lic pathway, 
whereas a solvent such as dimethoxyethane which tends 
to loosen ion-pairs, favours the electron-transfer path- 
fee nee 


The versatility of aromatic radical anions as 
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electron transfer reagents is, evident by, the’ many 
transtormatvons wWhwch athey can accomplish... For example, 


sodium naphthalene and sodium biphenyl cleave sulphon- 


amides to the corresponding amines at room temperature’! 7° 


(eq. 5)5 sulphonates, to, alcohols BN 


(eq. 6), and 
vicinal dimesylates undergo reductive elimination to 


the alkenes oF (ear sf). 


ct, CO)-s0 nr, Sse an ule [cu C))-s05 | 6) 


>90% 
CH, —C)s0,0r Wnts Ee hal) Spine? [cu Oso | (6) 
>90% 
0SO,CH, H 
eee eee + 2| cH1,505] C7} 
0SO,CH, H 
95% 


Organicthalides are alsogeasily reduced (alee ee 


23,3535, . 


vinyl, *” and phenyl vicinal dibromides undergo 


36,37 


elimination to the alkene (eq. 8), and geminal 


athalides givemriuse to earherese Trafluoroethyl ethers 


ee oe tbr] ~ (8) 
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are converteds+t of ithercorresponding alcoho lsac: (eq. 9) 


RO—CH>—CF it athe ee RO-H + lcH=cr,| (9) 


42,43 44 


Even hydrogen and nitrogen are feduced 
by sodium naphthalene to hydride and ammonia respectively. 
The reaction of alkyl halides with sodium naphtha- 


oF CORRE) ees ed 


lene has been studied intensively, 
to occur according to the following general mechanism, 
where ArH* refers to the aromatic radical anion (the 


cation iS omitted for convenience throughout). 


R 
S_H R—X Rea Or 
H” 
R—H R—R_,R—H ,olefin RArH or RATH. 
Reduction Products Alkylated 


Dihydronaphthalenes 
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The most important feature of this mechanism is 
Chetsp avi Lonmin Cioditherrcaction mmeoupachisibiandiic after 
the firstielectroniitransfer and theiiloss /of the halogen 
has taken place. When the intermediate radical has a 
greater eleceronegauuvicyecoam Simple alkyl radical, 
asp in the reduction of aus or phenyl ee halides, 
or has an electronegative substituent on the B-carbon 


(as is the case in the reduction of vicinal dha wea. 


31 ana trifluoroethyl ethers” ) £ethie 


or dimesylates, 
réaction is channelled almost completely through path Ds. 

Finally} tthe "easy ipre parat ion wofralkal i metali-aro- 
matic hydrocarbon complexes as solutions in tetrahydro- 


Ura sor dimethoxyethane, !/ 


them, high stabality tor 
long periods of time at room temperature under an inert 
atmosphere, 29 and most important, their high reactivity 
as reducing solutions, make them attractive reagents in 
organic synthesis. 

In the following pages, twouaspects of the chemistry 
Of aromatic radical anions has been. investigated: -a) their 
reaction as reducing agents to induce the reductive dehalo- 
genation of a-halo ketones as a possible route to the 
corresponding ketones (Chapter I), and b) Coming tia te 


carbon-carbon bond formation in a reductive cyclization 


of unsaturated ketones (Chapter II). 
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CHAPLER. 
THE REDUCTIVE DEHALOGENATION OF a-HALOKETONES AND 


THETR CORRESPONDING “ETHYEENE KETAL'S 


INTRODUCTION 


The observation that a-halo carbonyl compounds are 


nNOmMlauly Teduccarau POGEHCIalS Sionitrecantry ess mepa- 
tive than the potential required for either the corre- 
sponding ketone or the halide rad led to the expecta- 
Crone ciat cleetron transter “10m: an taromatic radical 
anion to an a-haloketone would be a relatively facile 


process. (Scheme I) 


Scheme [I 


-C—C- NaX +) =H) ————+ 
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Loss of halide from a transient haloketo radical 
anion (1), followed by subsequent transfer of a second 
electron was expected to be a favourable pathway since 
it would lead to a resonance stabilized carbanion. 

INhaacee¢aeeductaon;of,ashaloketones,,totheir.corre- 
sponding dehalogenated ketones by electron transfer from 
a metal has long been known. “8 

The most commonly used method for the reduction 
of an a-haloketone to the corresponding dehalogenated 
Ketone’ dsj thepactaoneof zinc metal.in acetic acide. 
The reaction presumably occurs via the formation of a 
zinc enolate which may be Utrapped' by. Pe eerie 
51 


when the reaction is performed in a non-protic solvent. 


OZnX ‘. 
Zn | H omg EROS 


O 
—t. mm. cc et _X_, 


; ' ood (10) 
| 
oR or ee a 


H R 


The use of magnesium as a reductive agent, on the 
Cited nand, at tords a mixture Of products due to subse- 
quent eactaon .od) the, macnesium enokate with starting 


a bdiseme Chods ss. Chitss ots 11 ttle. symthetic 


a-haloketone. 
uti lite. 
Removal of the a-halogen can also be accomplished 


bya iehes fact non of, hachiy polarpzable, nucleophiles... In 


that: pmrocesis ,,.1t, has, been.,suggested that, the. halogen 
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is lositvasija “posative™ species.>¢ (eq. 11) * Treatment 


wP : 
Am < terre —_—_—_—> 4 + [xNu * (li) 


of an o-haloketone with triphenylphosphine or a trialkyl- 
phosphite in a protic solvent has been shown by Borowitz 
and coworkers to yield the dehalogenated ketone. 78> 
A more recent method developed by Townsend and 
Spencer effects the dehalogenation by the use of lithium 
1odide sand boron) trafluoride etherate in essentially 
quantitative yields.>> The reaction is thought to take 
place sVla thesinvermedracy OL 2an enol fluoroborate. 
Amines are also good polarizable nucleophiles. The 
formation of the dehalogenated ketone in ‘the dehydrohalo- 
Penationtor o-haloketones with substituted pyridines 
(suchwas picolane, icolliadine oreilutidine )Yis always con- 


54 


Sidered an undesired side-reaction. Hydrazanes, son ’the 


other hand, react with a-haloketones to give deoxydehalo- 

genation to the alkene and/or dehydrohalogenation pro- 

ducts. 18° 
Thiolate anion also reduces a-haloketones to the 

Parent carbonyl compounds, but in variable ~ieinen > 
[necon Grice sto tnese methods, removal or the ta=halo- 

cenaby “such powerful “electrophiles: as AgsbF¢ has been 

i lene ds Lhe: process: 1Sitnoughit to take place: via the 


Fe ; ? : : P 56 
formation of an a-oxocarbonium ion intermediate. 
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During thescoupeesot ethissstudveon the reductive 
dehalogenation of a-haloketones by aromatic radical 
anions, an alternate approach via the GQ phaloketals "4s 


ilust retedainleqhatienel 22jwassalsosbniefly investigated. 


i | Oe yo | 1) Reduction q | 
—C——C = CC SC 
t x 2) Hydrolysis 
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RESULTS AND DISCUSSTON 


Dehalogenation of a-Haloketones 

Phenacyl chloride (2) was chosen as a simple model 
compound to study the reductive dehalogenation since 
both: the méeactant: and expected product (acetophenone) 


are commercially available materials. 


i 
O)- t= cn, c1 


2 


Prela mana Ye © xXpevs MENS, 1S Ini tsod ut ions: ot, sodium 
naphthalene in tetrahydrofuran, at, 0°C,. to which .a solution 
of 2 in tetrahydrofuran was added during periods ranging 
from 2 to 30 minutes, showed that at least two molar 
equavalents, Of ithe. madical anion» was necessary for com- 
plete Uti lizat vonmio& the o-hailoketone yaAfther quenching 
with dilute acid, complex mixtures were obtained of which 
the major component (other than naphthalene) was aceto- 


phenones{ 9 6 Cdeuelts ye However »iwhen:-.al large, excesss.of 


i 1) Sodium Naphthalene i 
C)-t—cn, 1 C)—ens (cleo) 
Dose LHe 
+ AS .5 ieee Ge. C)) 
2) IH /11,0 


sodium naphthalene (6 equiv.) was. used, a low yield. of 


acetophenone. was; obtained (ca. 10%) along with unreacted 
subs trate: 


An finvesrvatron of "the reaction conditions 


naiboe “to anvityios ane | etaomeveans Peers 


aottuter | 6 soddw oo 4 0, ae. nastonb cigs? mie ane batts dejont 


‘guigesy ebobiag, aie babbs enw anmutorby dst toa nity Se 


rstom ont dena he yoda bowed. . zoaugie 0803 $ ‘nort 


‘aa 102 qnenesson, apie mola ieoiben’ oat JoLerivelt seiispe, 
gitisaneup eat | aitorastor boyy! ott Rb ‘api resiktsy atelg 


aed: 0; bontadido brow Zosilin te xetqna> (bide. ofulth itt iw 


| ease enw Wpetpatagiae nan aide) Seiad sat ght 
Shae aay ail snow | 


Fo aesoke ‘Sanet hy ash 2 | 


14 


necessary for optimum fields of ketone was undertaken. 
Inverse addition, that is, addition of sodium naphthalene 
€o a Solution of phenacyl chloride at 0°C, résulted in 
Be Utalization of less than two ¢quivalents of Sodium 
naphthalene. - No a-haloketone was detected after hydro- 
BySis oy dilutes acid. 

Condations approximating high dilution... that “is, 
SLOW, Gropwise addition of the arhaloketone: to a didute 
Solutions ot “sodium naphthalene (ca, 0.05M) , gave complete 
Utilization of phenacyl chloride, ‘but with no, amprovement 
mm thestormation=of tacetopnenone “(Table If entries 1-3). 
Table I reports the results achieved in this manner using 
apValrietys Of Bi Raloketone =: nea bl icasesm except, cor ithe 
aiicyclice chioroketoness completes utilization of the 
substrate was cbserved. 

The fact that some a-haloketone was not dehalo- 
genated by sodium naphthalene in spite of-the long reac- 
LOU eciMesereported wn tabdiew isands 0 fi tien ance wexcess 
ef reducing agent used with phenacylechloride, indicates 
that the substrate had been "inactivated" in some way. 

Fromithe original’ scheme, if am enolate is. formed 
aspacdmrect (Gonsequencesofedehalogenation, thenarvt) as 
Sonccavabile hat.some omhatiowenolate=is. formed by apstrac- 
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The a-hydrogen of an a-haloketone is relatively more 
acidic than that of the corresponding non-halogenated 


57,58 


keconeaby tatnleastezstons pKkatiunats and is also 


more acidic than the a'-hydrogen. >” 


The resulting a-halo 
enolate would be expected to be less reactive towards 
Lumther Treductronoby eehectronitrnanséier)fsancenitdis tats 
ready a negatively charged species. 

The a-halo enolate could also result from the 
ebasleltchuracterto£ sodhuminaphthaleneo! Proticycompounds 


such as waterar ar? 


and even amines (p-toluidine at room 
temperature ah are known to rapidly protonate sodium 
Neapnthadiens (eq. e29CCrGonsidering’ theaorossrdrfference 


in acidity between water and p-toluidine ( 10 pKa units?’ 


) 
it is fair to say that reaction between sodium naphthalene 
acting as a base and the o-haloketone acting as a proton 
Source mightndearesponsibledion sometoritheddeactivation 
of a-haloketones towards reduction. 

Mi amtemptetoidecrease the basic character of the 
reducing! agent was then undertaken. ssFirst, dimethoxy- 
ethane was substituted for tetrahydrofuran as the reaction 


27,28 had observed at this 


medium. Closson and coworkers 
time that dimethoxyethane appeared to be somewhat advan- 
taveous due @oithe ereatere@ease votre tormation*ofrthe 
‘adical anioneini thisesolwent,e@and, in) the) sulphonamide 


cleavage process (eq: 5), afforded yields which were 


generally somewhat higher than in tetrahydrofuran. 
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The reaction was carried out in a manner analogous 
t0 Bolle Ini vialvexploratory experiments, (e¢q.~135), “since 
Lone addition periods and dilutiom appeared to be’ of no 
wrectical advantage. Therefore, fast addition (2-5 min) 
of phenacyl chloride to three equivalents of sodium naph- 
thalene in dimethoxyethane, ai forded ,“aiter “an tadditional 
CoO minute stimring period, ta 55% yield of acetophenone. 

Closson and coworkers had also observed that proton 
abstraction from the arenesulphonamide of primary amines 
Wasj;Suppressed at lower temperatures, and that jelectron 
transfer was considerably faster than acid-base reactions 
in changing the electron transfer reagent from sodium 
anthracene, to sodium naphthalene to sodium bipheny1.“° 
Since q-haloketones are presumably weaker acids than 


primary sulphonamides, >’ 


the use of lower reaction tempe- 
ratureé and the) action “of sodium -bipheny l=andrsodium, an- 
CibacencawerenDrLedly INVeStl gated... Lnese, Tes Us fare 
Heperved i) Tabae. 11h 

Although, as previously discussed, it has been 
reported that dimethoxyethane affords . a solvated sodium 
naphthalene ion-pair system which favours the electron 
transter pathway to“a“greater extent than tetxrahydro- 


ana only a slight advantage is gained by the use 


furan, 
Orethat solvent 11 the reduction tof a-haloketoness -More- 
over the reaction appeared to be highly sensitive to the 


StOrchiomnetry of the reactants. 
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Lieeiwattenpe peOssncus TUE tGherelicnt. Onatheatate 
Siete substrate, -LuGCemixcures ,obtained.from,thewexper 1 - 
ments in which low ketone formation was observed were 
examined more closely....._tlheyuwere _usuatly(found..to pbe 
highly complex and efforts at identifying the many com- 
ponents proved truitiess. ‘By chromatographic techniques 
only naphthalene, reduced naphthalenes, and the dehalo- 
genated ketone could be readily separated. In the case 
of the reduction of a-chloro- and a-bromoacetophenone, a 


dimer (5) was isolated and found te be formed (to: an 
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Extensor 4.6 GOL sche ChlLoro compound and 92.5. 70r the 


bromo ketone. lhis compound could probably have arisen, 


Suehe iy Taio urCOUupiino: (6q)udlo)..0C byralky bation Or 


—©@ 


-(X7] i 


19 


i : 
iO ec at) 


2 2 
an EnOlate byathée substrates,(eq.tlo)% 


6) 


ea 


I a i i 
R=G “Wings “ele “Ree CH) xphes Sees ea (Re at Os pe a(16) 


y, 


LOeaInecOne nisi tit Into mne Mechanism oL the 


dehalogenation, the mixture obtained from the addition of 


C-promoisobuLyropnenone (4)" to 2. 0-2.) °equivalents of 


sodium naphthalene was quenched with deuterochloric acid 
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in deuterium oxide (DC1/D,0), expecting to introduce deu- 


terium at the a-position as indicated in equation 17. 


Br 


, fr 1) Sodium Naphthalene ri 
Oo, Oo, 
2) DC1/D,0 


4A ky) 


Surprisingly, nuclear magnetic resonance (nmr) and 
mass spectral analysis showed at the most 2.3% deuterium 
incorporation in the isolated ketone. Careful blank 
experiments were run to ensure that no deuterium could 
be lost or introduced during the isolation procedure. 

iierciorestuy vstcléar that tile thydrogen Gs Siitro- 
duced: tum the arolecullestat Wedst ior that’ partrcular ‘sub- 
strate,before quenching with an external proton source. 
Furthermore, addition of isobutyrophenone to an excess 
of sodium naphthalene in dimethoxyethane at 0°C showed 
that the ketone was partially consumed. This could 
thereiore account for the’ decreased yield of asobutyro- 
phenone when an excess (one equiv.) of sodium naphthalene 
ss tpe Seng labile Wier, tatce, am the ketone as formed 1n 
Sibu, uted soidestroyed (at east partial 15-)5 by*thas* excess. 

When the isobutyrophenone-sodium naphthalene reaction 
is quenched with DC1/D,0, the recovered ketone contained 
variable amounts of deuterium (26-48% by mass spectral 
Ata lysis) meeb ur thermore, a product of this: reaction is 


the reduced compound, the alcohol 5, which has incorporated 
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up to 90% deuterium (by nmr) on the carbon bearing the 


oxygen. This alcohol probably results via the interme- 


ren (CH 
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iiacymOta Kely Wee wb leCtrOn tlansier by) the naphthalene 


TVadicak anion tovwany aromatic ketone 1s oknown to be a fa- 
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The initial hypothesis, that a carbanion (as énol- 


vourable process according to polarographic data. 


ate\elusm1Ormed as the immedvate product of dehalogenation 
Wschemncml | probably does motvyhold ian“the case of the 
reduction Of o-bromovsobutyrophenone. At. present, we ican 
Oniye speculate vas sto ‘the source of hydragen.a A likely 
Source an Chey reaceion mixture: before, the hydrolysis step 
ws the solvent. | Abstrectaon-jotya proton by en enolate 

from dimethoxyethane (at low temperatures) is rather 
aMprobable sance Chis Solvent Ws péenerally used as ‘reaction 
medium for the formation of enolates from ketones by strong 


eS On the other hand, the introduction of the 


bases. 
oehydrogen, could oecur by hydrogen atom abstraction by 
tieeiewc tO sodicale(On TtSmiesonance structure ther yinyl-— 


Sy eecc cal) S(O) miohers are wsually considered coupe 
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poor hydrogen atom donors, at least according to the 


61 unless the ra- 


classification by Bridger and Russell, 
Urea Pepenera ted Cin wir Semanner #7'(inelyis *oase."6 i's a 
partrenl larly “hot "radical: 
Dehalogenation of a-Haloketals 

As “an alternative approach “te "the reduction of 
a Nekoketones by aromatic radical anions, the reduction 
of a-haloketals was briefly,investigated. 

The ethylenesketval of Y-chiorocyclohexanone, 2-chlo- 
rocyclopentanone, and phenacyl bromide were prepared by 


acid-catalyzed ketalization and azeotropic removal of 


Wat er Cea hn e]i8))is 


: ethylene. glycol Need 
rape sro Chee | (FSD) 
| p-TsOH | 


benzene (-H,0) 


Addition of the ethylene ketal of 2-chlorocyclohexa- 
AONC LOZ acduivalents of sodium maphthalene iangdimethoxy- 
ethane at 0°C, followed by acid hydrolysis, resulted in 
tne sbormataon.ot cyclohexanone lin.9/4 yield. .isimilarly, 
ciesethy ene ketal Obrez=chloroeyclopentanone: attorded 
JZ omcyeropentanone. lhe reduction» coutd«ailso bé performed 
dinect iby on the, crude reaction preduct =from the ketaliza- 
VION Se x PCMLNen tea is Ordinovaneovernalie V1 eld0f 17/0 ceLor 
Gyelopentanone. 


When the same process was repeated with the ketal 
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of phenacyl bromide and 2.2 equivalents of sodium Hone 
thalene, a 46% overall yield of acetophenone was obtained. 
The radical anion was completely consumed, and some un- 
reacted substrate was present in the mixture after hydro- 
TySisthe Mrerenoner, faxcloserm ana kysaspsot) the reaction was 


uncdentbakenng <On jaddi-tiuonioffsthe ibromoketa lke ecto sodium 


naphthalene (5 equivalents) in dimethoxyethane, only traces 
of acetophenone appeared on glc analysis of the products. 
Furthermore, the presence of styrene was inferred by glc 
peak enhancement. On inverse addition of sodium naphtha- 
lenes-co, J Che=mcxtureundenwent ja series of ‘colour 


Chances sas mimd ucaced be Lowi: 


Sodium Naphtha- Coleur Acetophenone Unreacted 7 
Venevaddéd a(éequiv.) ® (gle) o-elc) 
UFC Oger Yellow 

eye ase on 63 Si, 

Wee, Dark blue 83 < 20 

2.4 Mauve 96 0 

La Brown 74 0 

A.4 Brown- green 16 0 


The, reaction, was repeated, and) to. the crude product 
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from the ketalization reaction of phenacyl bromide, 
sodium naphthalene was added until a mauve colour appeared. 
Acetophenone was isolated in a 78% overall yield 
from phenacyl bromide. 

The following mechanism is proposed (Scheme II) for 
thes reductaonrofimani wo haloketal, anvolwing cleavage ofsa 


carbon-oxygen bond of the ketal group via a 8-elimination. 


Scheme et 
O O 
O O O Oo 
ee ee a C= eS RO CC 
| SNe | a 
+ 
ZArH | H /H,0 
| | 
w. - A II 
R— ES eo — Sees (iemeeaees 
| CH °¢| Raz oN R—C a 


Trefsane type of 8-elimination has been suggested 


39 


bytooU. argent Mr tne cleavarcuOnecriituoroccny. 


ethers by sodium naphthalene and by Closson and coworkers 


in the converSion of vicinal dimesylates to alkenes”-. 


Eliminataion also occurs in the reduction of organic halides 


in which"A substituent (halogem, OGH,YOR{, OCOR) 1s jpresent 


at the g-position which can be lost as a stable inoniees ta 


Je hasMStudred wthe react 1onso Lamapne- 


Furthermore, Feugeas 
Sium with halodioxolanes and observed opening of the dioxo- 


Vanerrine , yielding: enol, ethers as; illustrated inthe 
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following example. (eq. 19) 


{aw 
oe 2. JEP a rome a aie ae 
CH, — C—CH, Br = cH, =C— OCH, CH,OH (19) 
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limoc leh mom uNeCmInLe1 Moumaccmy lity ls GLher USy Drone 
UCU Te Wen ero UGCtIViCmC lCaVate atean rate Witch LS ehas ver 
POY Raa praenyl than toy .k = alkyl ii benzylilethers are 
Known to undergo-facile carbon-oxygen fission under con- 
ditions of dissolving. metal reductions, on OS 
Reducti0n Of ceHaloketones with Sodium Primesitylboron 

neon attempt to circumvent the subsequent side- 
Peace Oiswettcisi Mig ial electron transter to ana halon 
ketones, send LO, avoid the, possibility.of the r,radical anion 
acting asS,a.base,.a more,selective.eléctron transfer 
LeaAgCeltawasmDanecrlysanvestagated, 

Trimesitylboron (TMB) reacts readily with sodium and 
Othee alkali metals in ether-tyvpewcolvents.,.,tomming, blue 
Datamaonet Ne Solutions which nemaineunchanced for extended 


iv (ed. 20s sine rbul kyamesity le Croup oF 


CH, 2 
yy tia ud A 2 Rlnr peer et Ci, om Na = NaTMB 
3 
CH, 


(20) 


periods of time.. 


trimesitylboron serves to impede dimerization of the 
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quaternary boron compounds oe Or lrapidsreaet 1on witht 
VLC substances.°°® 


68 have realized the reduc- 


Darling and coworkers 
PLONwOL -CuOnes with this reagent: an«the presence of pro= 


tomesources.. (eq. 2l) ihe ketoneormed in the react ton 


Sees | Na™B yy | 
RsS0sl =, Sea a OC ieee ae 
ROH | 


was found to be relatively unreactive towards further 
Treauccion by the trimesity boron radical anion as shown 
Dy= cre 8hrehn=yield or ketone obtained: 
2-Chlorocyclohexanone was converted quantitatively 
VOnGyclohexanone: upon, 1ts Slow adda tion (in dimethoxy- 
erenaie SOlLUtLON) to S equivalents cf ‘sodium, trimesity b- 
boron in dimethoxyethane at 0%tCo =5°." In a similar way, 
2-chlorocyclopentanone afforded cyclopentanone in ‘a’ high 
Vuela (S07).  EXDILOracory experiments: showed that the 
excess reagent and low temperature were necessary for 
Maximum Conversion, especially tor z-chlorocyclopenrcanone, 
im ‘conelusion, the dehalogenation™ of an u-haloketone 
bye Tadic) anvons to Wis correspondingy ketone has, been 
snown to be a facile process. Although’ radical anions 
Prone aronatrG ny drocarbons proved Co, be. Species tot; very 
high reactivity for this transformation and gave rise 


to several by-products, by the use of a system of 
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EXPERIMENTAL 


General Considerations 

Infrared’ (17T)” spéctra were’ recorded using a Perkin- 
Pi mer’: 376." Petra n- Eimer 4716" or“Unicam SP-200 Infrared 
_spectrophotometer. 

Nuclear magnetic resonance (nmr) spectra were 
recorded’ on*a~ Varian A-o0”~ or HR-100 Spectrometer: “Uniess 
otherwise stated, carbontetrachtoride (CC1,) was employed 
as the solvent with tetramethylsilane (TMS) as the inter- 
nal standard. Chemical shifts are reported in 6 values 
relative to 1MS"="0-" The" iol towiny abbreviations are used 
tithe cext. s*i— singlet. -d?="d0ublet,, sep = Septet , 
and m = multiplet. 

Mass spectra were recorded on an AEI Model MS-2 
Or Model @Mo=-9™sSpectrometers 

Gas liquid chromatography (glc) was performed using 
AiencuoOprapi tA-vU-to- and Varian nNerograph ‘serles 200° "gas 
chromatographs. The following columns were used: Column 
Aeee Sey thy So 0 7Ser 2 Or GHTOMOSOLD *O- DMCS.  Cotumr B* 
SPP APRIL Ss 4 SE-OOrONn Chromosorp Ww: “Gotumn C: 5° 71/8" 
RO 7eoaquatane, on=cnromosorp WW @Columr D. -10"/1/6" Ls 
Aprezonm oon bireprrck,* Colunn We 5771/5" "107 Garbpowax 
ZFOMMOne=CchnromosorbeWsanColinn Fs “10°/1/8 10% NPGSE -on 
Chvomosorban: *Corunn G: 5°71/o° 10%" Carbowax GCO0U0™ONn 


Chromosorb W. 
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All products were isolated and identified by 
comparison (physical properties and spectroscopic nave 
viour) with commercially available samples. 

Melting points were determined on a Fisher-Johns 
melting: point.apparatus and. are, uncorrected. 

Refractive indices were measured on a Bausch and 
Lomb Abbé-3L Refractometer. 

All, reactyons were. carried, out, using. oxygen-free 


nitrogen. °° 


Preparation of Aromatic Radical Anion Solutions 

Stock solutions of sodium naphthalene (0.1 - 0.4M) 
were prepared by stirring (with a glass-covered magnetic 
baie) soda nedliets. oC 6! tos / Al) wa thee eto. 3 0) molar 
equivalents of naphthalene in dry tetrahydrofuran or dime- 
thoxyethane, in a sealed system under an atmosphere of 
nitrogen at room temperature (25°-27°). Pormationsot, the 
radi Gddssanion appeared mato be sensitive ito wraces of oxy gen 
or .other,ampurities .and, the. tame; mequired: for ,complete 
reaction of the sodium under these conditions was quite 
variable. The active sodium content was determined by 
titrateonsot..sb0, Mle aliquots with; 1. ON 4soluta on, of sabso- 
lites ecnano leins benzene. etowthe c1sappearancemot the: green 
Policia « 

Solutions of sodium biphenyl and sodium anthracene 


were prepared in a similar manner. 
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Preparation of o-Bromoisobutyrophenone. /? 


Addttron ‘of bromine “toll5¢"(071 mole) of rsobuty- 
rophenone tan EchVorofrorm atez25” *Tuntil the "colour *of ‘bro® 
Mune spensisted, pPaftordéed apon distillation’ 19 ¢ (863)%of 
a-bromoisobutyrophenone as a colourless liquid, bp 120- 


120.5°(7 mm) [1it./22 


20 - PSO CLZ am) Pp. 
Reaction between Phenacyl Chloride and Sodium Naphthalene 
in Tetrahydrofuran. 

solution of *phenacyl chiForide Uh. 7 es), 2-28 timo le’) 
in 20 ml of tetrahydrofuran was added dropwise during 30 
minutes to 3 molar equivalents of sodium naphthalene (0.1M) 
at 02s Abeer tstirrins ior tan additional 805" minutes.) the 
dark green reaction mixture ‘was ‘poured over ice-cold 
dilute hydrochloric acid, saturated with sodium chloride, 
and extracted with n-pentane. The organic phase was 
washed with saturated sodium bicarbonate solution, then 
with brine, and dried (Na,SO,). After partial removal 
of the solvent, glc analysis (Column A, 110°) of the 
concemuravecindseated 205 7 tyweldvor acetophenone. 

ihetrcact Lom was? Lrepedted.UtAn addition period tof 
pienacyl Yer omide vor &2: ito 5 minutes, followed by “stirring 
for another '5i minutes, afforded acetophenone in’ a 48% 
yield by gle (Column A, 110°). 

In the same way, addition during 5 minutes to 6 


molar equivalents of sodium naphthalene, followed, after 
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a 5 minute stirring period, by work-up as described pre- 
wrousdy, (deer coldrdiluteshydrochlorici acid, andcether 
extraction) gave acetophenone in a 11% yield (glc; Column 
A, 110°). The presence of unreacted phenacyl chloride 
was detected by glc. 

Inverse addition: A solution of phenacyl chloride 
(0.39 g, 2.5 mmole) in 50 ml of tetrahydrofuran was cooled 
to 0° . A solution of sodium naphthalene (0.23M) was 
added dropwise. |«sAfterrthesaddation) ofe15 micdis4)equiv:. ) 
cChemereen colour, persasted.~.The mantureswasi stirred) for 
5 minutes during which time the temperature was allowed 
torrases to? 25": The colour changed to dark brown; 4 ml 
of sodium naphthalene solution was added and after 20 
minutes, the reaction was stopped by pouring into an equal 
yodumenof ice-cold dilute hydrochloric acid. The result- 
ing mixture was extracted as described previously. The 
yield of acetophenone was estimated by glc as 21% (Column 


Anoma0?9 : 


General Procedure for the’ Reaction between a-Haloketones 
and Sodium Naphthalene under dilute Conditions (refer to 
Table I for Substrates) 

Asjtetrahydrofuranf solutions Of orhaloketoner (0.01 .- 
0.03M) was added dropwise to a 0.04 - 0.06M solution of 
sodium naphthalienes (Seto.4 eqduiyv.)aatro?: After complete 


addition of the substrate (time indicated in Table I), 
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Gite uri Preen SOLULLON Was Stirred ror an additional 30 
wiIaces. chen poureds into 1ce-cold uilute hydrochloric 
acid. After a work-up analogous to that previously des- 
cruped= (Cther extraction); ‘the concentrate Was analysed 
by glc. Isolation was performed by chromatography over 
Stiica” vel UsingeoKkeliy B and subsequently chlorototm as 
eluants. ~The products were identified Dy Comparison with 
commercially available samples. The yields of ketones 
rOpDOTtTea sin labve i Were esctimaced by gle (Acetophenone. 
Column A, 110°; propiophenone: GOLUGMeA. 45 et Gy OLo- 
HemOnNOnen = COLUMIY Tt, 75 5 CyCLopentanone: ~“Golumn ©," 05°). 
Unreacted 7 -chiorocyclohexanone™ (lTabite, I ~entries 6 and 7} was 
detectedraby gic; (Cotumn A, 150°). “Unreacted 2=chloro- 

eV eLepentanone™ (rapte ly nentry oj owas Gaevectued "by olc 


(Gotumn AP*T2Z0°)* 


General er rocedure: for Reaction Ob osHaloketones with 
Aromatic Radical Anion in Dimethoxyethane (Table II). 
Reaeerom perween i hnenacy ) Chloride and» oodium Naphthalene. 
ASsOtUCroOneor Pienacy! Chloride sts.le°n, cUC mmole) 
in SO *mPVYofVdimethoxyethane was added “dropwise (ca. 5-10 
minutes) to a 0.1M solution of sodium naphthalene (3 molar 
equivalents) at 0° . After starring for an .addi tional 
EO nutes "tire reaction mixture was poured into i1¢e-cold 
dilute hydrochloric acid. After saturation with sodium 


chloride» the mixture was extracted with diethyl ether. 
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The organic extract was washed with saturated sodium 
bicarbonate solution, followed by brine solution, and dried 
(Na,SO,). Upon concentration (rotary evaporator) the 
residue which was obtained was shown to contain a 54% 
yield of acetophenone by glc (Column A, 110°). The resi- 
due was chromatographed over neutral (Woelm) alumina, 
ANetivart yerldel tis iare wok eldg, By then iske lily (Be ther... then 
ether fs) eliiants.,) Insorder) ob elution, maphthalene and 
dihydronaphthalene, acetophenone (0.45 g, 19%) and a 
what ef <sioilrad> (0:1 3g:52:..7% ) ‘were obtained... The solid was 
recrystallized from 95% ethanol and yielded colourless 
needles, mp 142-142.5° vit. 7 aaa and was identified as 
iPpeMadiphenyi~k <4-butadzone~ >, )lr (CHC1,): 16.802 46G=0).; 
1600, 1580, 2000-1700 (monosubstituted phenyl), 1450 cm 
(active methylene); nmr: 6 3.46 (s, 4) CH,C=0, 7.30-7.70 
Gn 3.16). fand:h7. 99 S825 ifm, (4) Cole; mass spectrum m/e: 
M” 238. 

thespnoduets Llistede«in jable EI were obtained in 
a Similar manner and identified by comparison with com- 
mercially available samples. The following conditions 
were used for the estimation of yields by glc: proprio- 
phenone 5 yColumn yA;4145° 3, isobutyrophenone,,.Columns ,DtE, 
240°; adamantyl methyl ketone, Column B, 200°; cyclohe- 
xanone, Column. A, 75°; 2-chlorocyclohexanone, Column A, 


130°; cyclopentanone, Column C, 65°; 2-cyclopentanone, 


ColuammmA,e] 208 . 
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Reaction between a-Bromoisobutyrophenone and Sodium 
Naphthalene followed by Deuteration. 


& SOluttonso£f a zbromisobutyrophenone#(0%-5 fng42265 
mmole) in 10 ml of dry dimethoxyethane was added to a 0.1M 
sodium naphthalene solution (2.0 molar equivalents) at 0% 
After stirring for 10-minutes, the reaction mixture was 
pouredjinto 100 mieofaice+-col'daZ2NvybCl «in D,0 [prepared 
from 37% DC1 (Carl Roth OHG) and deuterium oxide, (99%)]. 
Quick extraction with anhydrous diethyl ether (3 x 50 m1) 
was followed by washing the organic extract with 5 ml of 
brine (made by saturating deuterium oxide with sodium 
chloride). After drying (Na,SO,), the solution was con- 
centrated (rotary evaporator). ., The residue [containing 
92% -zsobutyrophenone by.qglec (Golumn-D+E ;-240%)]1+ i was 
chromatographed over neutral (Woelm) alumina, Activity I, 
using freshly distilled (from lithium aluminium hydride) 
skelly,.B, .then, Skelly B:anhydrous diethyl ether (1:2 by 
volume.) as ;eluants 4) .A.fraction-of sisobutyrophenone, (0.15 
Snti4a) beisplayed the sfollowine : apnmpeis 1.10. (d, J = 8 cps) 
(CH) ,CH, 5e47 (sep, J) = 8'-eps)) CH(CHz)., 1a Sol oo 1G) CoHe. 
ThecintercrationnindbeatedsahratLo of 36 £0/41306 S20t5Safon 
(CHz)5:CH:C H. respectively. Mass spectrum m/e: 148 (M"), 


6—5 


149 (M + 1, 10.6% of M’), calculated for C Gua GMiakavele 


10/12 
L0:38%:).. No deuterium incorporation. 
Alternatively, a solution of o-bromoisobutyrophenone 


(2.5 mmole) in 10 ml of dimethoxyethane was added, as 
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described ‘before; to°a ‘solution -of 2.1 equivalents iof 
sodium naphthalene at 0°. The reaction was hydrolysed 


quickly by adding 4 ml of 2N DC1l in DO. Work-up as be- 


2 
fore afforded 99% isobutyrophenone as estimated by glc 
analysis (Column DtE, 240°). Chromatography as before 
yielded 0.36 g (97%) of the isobutyrophenone "fraction". 
Analysis by nmr, as described above, showed no detect- 
able “deuterium incorporation. °)The*mdass' spectrum ‘of the 
erude sample sand “ofa "sample purifived iby preparative 

glc (20% SE-30, 210°) showed m/e at 148 (M), 149 (M+ 1, 
13.4% of M”) hore23oedeuverLvum incorporation, 

A sample of isobutyrophenone (0.5 ml) treated in a 
Mannerranalogousi sto the work-up. and isolation procedure 
(with? 42N “DC Pein D,0) showed no detectable deuterium incor- 
poration by nmr and mass spectral analysis. A sample 
(0.3 ml) of isobutyrophenone which was chromatographed on 
a column of neutral alumina (Woelm) Activity III (deac- 
tivited with D0) showed. no“det ectab re “deuterium imcorpo- 


ration by nmr and mass spectral analysis. 


Reaction between Isobutyrophenone and Sodium Naphthalene. 
A solution of freshly distilled isobutyrophenone 
(Ono y 40. e275 mmo re) rin “Lomi or dimethoxyethane was. added 
dropwise to Zl equivalents ora, OsIM~sotution «oD *sodium 
naphthalene at 0°. The mixture was quenched after ra, 5 


minute’* stirring period by addition of 4 ml of 2N “DCl1 in 
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D,0. Glc analysis (Column D+tE, 240°) showed an estimated 

A536 yreld of unreacted ketone. Isolation by chromato- 

graphy on neutral alumina Activity I afforded a sample 

of Ketone which contained up to 1545% deuterium incorpo- 

rated at CH(CH,),. Mass spectrum m/e: 148 (M"), 149 

(M"+ dane! 0.4%) 0.8 M”) for.h. 26 jzeute nium incorporation, 
Tnepreaction was. repeated. ,Quenching sa ften-<2 yto 

3 minutes yielded 60% isobutyrophenone by gic (Column F, 

220°). Preparative thin layer chromatography [Precoated 

Silica gel Foca phates 7 .20x2.0x0..2. 10cm .6E..- Merck, Darmstadt ) | 

using poke bly ebs.then Skelly Budaethy kh setthero06 .5::...S by 

volume) as eluants afforded 0.16 g (42%) isobutyrophe- 

none. Mass spectrum m/e: 148 (M"), 149 (M"+ Ld FRLOE 

M) fO.%, 20%, deuterium jincorporathon, 44 less mob ihe ‘com- 

ponenGewas asolated (0.97 9% 262) twhich  jwas identified 

as isopropylphenylcarbinol. A sample purified by prepa- 

Gative, gc (15% FFAP, 205°) displayed the following: 

ay (liquid ,tilm). 5450, (bonded, O)s,..3040.53060 42.0.00;-1.7.00 


700 (mono-substituted phenyl), 1025 cm? 


(C—O—H); nmr: 
Oye Be 088, aC dh ot od jp alee) i 4CDSi45 O)) (CH,),CH, le. Oe2 ol 

a en CH(CHz).,, 442.0 eid, dk =e) Corps; - /0?. 1) CHCH (CH), (103%) 
and CDCH(CH.), (9j0; Sa )vst A! F210 as Se, 58) CoH), 202.050); lee ORs, 
exch by D0); mass spectrum m/e: 150 (M), Be! (M" + ie, 
770% of M”) for 89% deuter lub uwncorpogation.» jspectrosr 


copicidata were Similar to a sample of isopropylphenyl- 


Carbinol obtained from a similar experiment but using a 
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ProeLegacid ‘quench. 


Preparation of the Ethylene Ketal of 2-Chlorocyclohexa- 

ES 
none. 

A mixture of 2-chlorocyclohexanone (20 g, 0.15 mole), 
ethylene glycol (10 g), and 0.10 mg of p-toluenesulphonic 
acid in 50 mlsof benzene was refluxed for 18-hours: with 
azeotropic removal of water. After shaking with KOH 


Beldetsjafractionad dastidilationsaffordedylZng) (63%) of 


the ethylene ketal. of 2-chlorocyclohexanone, bp 90° (13 


ja) 
D 


AoE CIS 


nm) sn 1.4845; ir (liquid film): 1200-1000 (C-—0O-C), 


Fe(GsGl)senmrteds (lit 2s2.4) (bremy 8) = (CHINES. 75- 
4.15 (AA' BB' m superimposed on m, 5) (CH>0) » and CH—C1; 


mass spectrum m/e: 176 IMACS el 178 [Ma cetey h: 


Preparation of the Ethylene Ketal of 2-Chlorocyclopen- 


tanones us 


In the same manner, 8.1 g (68 mmole) of 2-chloro- 
eyclopentanonewwas treated |withw4<Ss<gyofaethyhenesjolycol 


andMaitordedasa2teta(744) (of theuethylenejketal* of 2-chio- 


rocyclopentanone, bp 64° (4 mm) flit’? 87-895 (15emm)4; 
n> 1.4758; ir (liquid film): 1200-1000 (C-O-C), 850 cm’ 


(GrCipshnure a6 3e80-4e05a(ms a5) (CH=0),, Cz-Ci gi. 50= 

22505 Qng 6) —(CH,)-z; mass spectrum m/e: 162 [M” (Glge) Ii 
+ 

164 [M (C1,._)]. 
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Preparation for -the Ethylene ‘Ketal’ of t(Phenacy] Bromide. /> 


In a similar manner, 7.9 g (4 mmole) of phenacyl 
bromide was treated with 2.5 g of ethylene glycol in ben- 
zene. Removal of the solvent yielded a crude residue 
which was washed with water. After drying in air, re- 
crystallin zation «Grom eether=t-pentane provided tthe ethyl 
ene -ketalnot“phenacyl bromide / (07 4 %7¢ 5.076%.) sasneream-=co- 
loured crystals, mp 59.5-60° (1it!> 50 25 S605 5a) a ei (CS,): 
3100-3000 2000-1600 700 (monosubstituted phenyl), 1410 


ie 


(CH,), 1200-1000 cm (C-O-C); nmr: 6 3.55 (s, 2) CH=5Br, 


Z 
eo sO NCAA TBE Eiyed ) (CHO) 4 fg? 08 (my 5) Caae. 
mass spectrum m/e: 164 [M" (Brog)-pheny1], 166 [M" (Bre, - 


phenyl]. 


Reaction between the Ethylene’ Ketal of 2-Chlorocyclohexa- 
none and Sodium Naphthalene. 

AY’solution of*the ethylene ‘ketal of +2-=chlorocyclo-= 
hexanone*(0"90"%s 5-520 mmole} ?inels mil iof :dimethoxyethane 
was added dropwise during 15 minutes to a solution of 
0.1M sodium naphthalene (2.1 equivalents) at 0°C. After 
Stirring “for *antadditional 15 minutess the reaction Smix- 
ture was poured into dilute hydrochloric acid and stirred 
£OrObS hoursiat Troomi temperature Ma tExtractionvwithcether, 
followed by washing of the organic extract with saturated 
soOaium Dicarponate Solution. then with brine ‘solution, 


and drying (Na,S0,) afforded, ontgictanalysas’(Columnes, 
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100°) of the concentrate obtained after removal of the 


solvent', "97% cyclohexanone. 


Reaction ‘between the Ethylene Ketal of 2-Chlorocyclopen- 
tanone and Sodium Naphthalene. 

Me a%sSimnmlar way, a solucion of 0.41 9 (2.5 mmole) 
Cieeuteetiylere wetal Of 2Z-cilorocyclopentanone in 15 mi 
of dimethoxyethane was treated with 2.1 equivalents of 
sodium naphthalene. The yield of cyclopentanone was es- 


CIMateear ast y Zee Dy, ole (COLUMN G, OU). 


Dehalogenation of 2-Chlorocyclopentanone Via FOrmMact Lon 


of the Ethylene Ketal by Sodium Naphthalene. 
Z2-Chlorocyclopentanone’ (1.19 ¢, 10 mmole) was 


Ureaved= with 0.6495 of ethylene plycol and, 5 mg of p-tolu- 
enesulphoni]c acta imeZ5, ml Of belizene, Alter rerluxing 
for 5 hours with azeotropic removal Of water, the solution 
was washed with sodium bicarbonate solution and dried 
(Na,S0,). The solvent was removed (rotary evaporator). 
The residue was dissolved in 20 ml of dimethoxyethane 

and added during 4 minutes to a sodium naphthalene solu- 
frone (77257 fOl.O.tOM) a5 Derore., ihe vi1eld OL cVeLopen- 
tanone in this reaction was estimated as 70% by glc 


CGotunn- Gs 75). 


Reaction between the Ethylene Ketal of Phenacyl Bromide 
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and Sodium Naphthalene. 
A solution of the ethylene ketal of phenacyl bro- 


mide (0.25 g, 1.0 mmole) in 10 ml of dimethoxyethane was 
added dropwise to 2.7 equivalents of sodium naphthalene 
Soigtion< (9 20M) Vatedc; Before complete addition of the 
bromoketal, the’ green colour ofthe’ radical anion disap- 
peared. The addition was stopped. An additional 2.6 
equivalents of sodium naphthalene solution were added to 
the reaction mixture... The dropwise addition’!of the bromo- 
ketal solution was resumed. The resulting brown mixture 
was stirred for 2 minutes and quenched with dilute hydro- 
chioriceacid: | Analysis»by*glc (Column B, 180°) showed 
only tracescoef acetophenone. s ,A»moreovolatilexcomponent 
appeared which had a retention time equal to that for 
styrene 

Alternatively, the sodium naphthalene solution 
(0.19M) was added dropwise to 0.62 g (2.5 mmole) of 
bromoketal in 10 ml of dimethoxyethane at 0° As the 
radical anion solution was added, it was immediately 
consumed and the reaction mixture became yellow. After 
1.2 equivalents of radical anion solution had been added, 
the mixture turned green and analysis by glc (Column B, 
180°) indicated 63% acetophenone and approximately 31% 
bromoketal. The addition of pada naphthalene was con- 
tinued and the reaction mixture gradually changed to a 


dark blue colour (1.9 equivalents), Glc analysis as 
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before showed 83% acetophenone and less than 20% bromo- 
ketal. As the addition was continued, the mixture turned 
to a light mauve (2.4 equivalents of sodium naphthalene; 
96% acetophenone, 0% bromoketal), then to a dark brown 
colour (2.7 equivalents of sodium naphthalene; 74% aceto- 
phenone). A total of 4.4 equivalents was added before 
enewereen cOLOur Or ithe tadiwcaleantons could, Dewnotivced. 
Praly sus sof ithe wana mixture atter acid hydrolysis afifor- 


ded a 16% yield of acetophenone by glc (Column B, 180°). 


Dehalogenation of Phenacyl Bromide via Formation of the 
Ethylene Ketal by Sodium Naphthalene. 

Phenacyl bromide (9.9 g, 50 mmole) was ketalysed 
as described previously. The crude product was dissolved 
in 100 ml of dimethoxyethane and cooled to 0°, TO. Chas 
solution was added, dropwise, a solution of sodium naph- 
thalene (440 ml of 0.25M) until the reaction mixture 
turned and remained mauve. The mixture was poured into 
dilute hydrochioric acid and stirred, for 56 hours at room 
temperature. The usual work-up (ether extraction) yielded 
a crude residue after removal of the solvent (rotary eva- 
porator). The residue was chromatographed on alumina 
(BDH) using Skelly B, then ether as eluants. Distilla- 
tion of the yellow oil obtained afforded 4.7'g (78%) ace- 


tophenone, bp 77-79°(12 mm), no” 1.5350 [1it!° bp 79° 
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Preparation of Sodium Trimesitylboron Solution. 

Than 'sodzum ishavanes (0548 io, 16 me. atoms), were 
AdCed COMO CSO giyto IMOLe) Or cramesia ty boron, in (25 mL 
of dry dimethoxyethane. The blue colour formed immedia- 
tely on addition of the metal: The mixture was stirred 
at room temperature (with a glass-covered magnetic bar) 


HOxvesso. NOUTS. 


Reaction between 2-Chlorocyclohexanone and Sodium Tri- 
mesitylboron. | 

A solution of 2-chlorocyclohexanone (0.066. ¢, 
0.5 mmole) in 3 ml of dimethoxyethane was added dropwise 
during 5 minutes to the chilled sodium trimesitylboron 
solution prepared above (3 equivalents, 0 to -5°). The 
dark blue reaction mixture was stirred for an additional 
10 minutes and quenched by the addition of 2 ml of satu- 
Tabed ammonium chloride solution. fhe blue colour wa's 
destroyed by passing a stream of air through the mixture. 
The layers were separated and the aqueous phase was 
extracted with ether. The combined organic phase was 
washed with brine solution and dried (Na,S0,). Analysis 
by glc (Column E, 130°) showed 100% cyclohexanone. Upon 
concentration (rotary evaporator), the residue displayed 
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Reaction between 2-Chlorocyclopentanone and Sodium 


Trimesitylboron. 

In the same way, a solution of 2-chlorocyclopenta- 
none((0.5 mmole) in dimethoxyethane was added to a solu- 
tion of sodium trimesitylboron (3 equivalents, -5°). 

The yield of cyclopentanone was eStimated as 86% by glc 
(Golumnec,, 1105)4) and no. starting: chiloroketone. was) detec- 
table by gle. The reaction was repeated on a larger 
scale (135 mmole). Upon concentration of the. organic 
extiace at Atmospheric. pressure... a white ‘solid precipi- 
tated on cooling the concentrate (10 ml)... Two drops of 
water were added and the solid was filtered and washed 
WiEtn ice-cold methanol. The filtrate was dried (Na,SO, ) 
and the solvent removed by distillation at atmospheric 
pressure. A sample of cyclopentanone was isolated from 
the crude oily residue by preparative glc (Column E, 120°) 
which was identical to the commercially available 


material: 
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THE REDUCHIVE CYCLIZATION OF UNSATURATED KETONES 


INTRODUCTION 


Relatively few reactions of aromatic hydrocarbon 


radical anions have been investigated for inducing 


Wali by ie 


imtramolvecilar cyclizations. The conversion 


of G@,w-diesters by the action of sodium.metal into 
Cyclrevacyloins is avtypical example of an. intramolecu- 


far reductive) cyclization, believed to occur by an 
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Creceronetranster wrocess, However, che use ot Tadr= 


cal anions, such as sodium naphthalene, has been found 


to fail as an acyloin-condensing agemtahe oe 


78 


Gutsche and coworkers have istudredmthe cycliza- 


tion of w-ketoesters by reaction with aromatic hydro- 


carbon radical anions. (eq. 22) The use of sodium and 
HOY 
OF OC 0 Et 
Oe (22) 
Ccrpg CHD) che eccu ae 
8 9 


potassium naphthalene as well as sodium phenanthrene, 
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onlystorsthe Gases (in? siavhere na-sleor. 2, m = 2. 
Sodium biphenyl was somewhat less effective than sodium 
naphthalene. Lithium naphthalene and sodium anthracene 
failed tosyietdeanyvcyciized product .{adthese!) workers 
posftud atednthatmthe coup lingrstepaprocecdsavial annucleo- 
philic addition of the ketone dianion (originating 
from a two electron transfer to the keto carbonyl group) 
to the carbonyl group of the ester. 

Sodium naphthalene and sodium phenanthrene have 
also been used by House and coworkers i in an attempt 


Lorobtainsintramolecuilarvalkylation! of aaketylstadical 


anion in the reduction of w-chloroketones. (eqs 23) 
OH 
CH Oily 
a1. <= (23) 
(CH,) (CH, n 
EO (ty cor 723) et 


Although some success was achieved in obtaining some 
five- and six-membered ring alcohols in this way, the 
MajOoriucy Of the product twas the wdehalegenated alicyclic 
Ketone... However 41 an anaborvous type .of react Lan), 


Corey and Kuwajima - 


treated the corresponding iodo- 
ketones of structure 10 with the dianion’ of nickel tetra- 


PuenyLpoOrpnine wand Obtained ther cyclic alconols i! 
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invyreids ob 617 (fn =) 1) and 88% (n7=' 2). 

Comparison of half-wave potentials (measured under 
comparable conditions, versus the normal calomel electro- 
de) of the respective carbon-halogen and carbonyl bonds 
indicate that the nickel tetraphenylporphine dianion 
(the half-wave potentials for nickel tetraphenylporphine 
acer le1.3 and ies ies PSeexpeGted .lommrecduce the carbon=- 


Wediaespond (1ao7) 


rather than the keto ‘carbonyl 

PAO oleae 2 toe | 
The two types of substrates cited previously (the 

ketoesters 8 and the chloroketones LO) whave-alsovyrelded 

some cyclized products by the action of sodium in liquid 

ammonia. /°>/9 

Danishefsky and Dieman ee have reported the forma- 


Evonsot fa) cycive alcohol, by treatmentmod whe bromoketone 


IZ withesodiumjin tetrahydroturan. leq. 24) 


OH 
Na ; 
24 
THE Rt i) 
R'= H, R= Me or ca. 25% 
Be OE PET (een Py 13 


Thestormation or cyclic alcohols trom bifunctional 
substrates (in which one of the functions is a carbonyl 


group) appears to be a favourable reaction when the 
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geometry oL the molecule places the “functions in ‘close 


proximity. The bicylic ofefin 14 yields 15 as the sole 


product on reduction with sodium in moist ether. °* (eq. 25 ) 


(25) 


14 15 


Sima tarhy y the keto-olefin 16 .vaftords the alcohol 17 in 


opyleld son treatnentwithelithium an Liquid ammonia. °° 
(ogni, 2.6} 


(26) 


16 1 


Shono and Mitani ae haveerecentlyvshown that sintra- 


molecular’cyclization of simple alicyclic olefinic ketones 
could be achieved by electro-reduction in dioxane-methanol 


(using tetraethylammonium p-toluenesulphonate as the 


supportene ehectrolyte). #2(eqsa27) 4 linsthiseway,y five- 
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: GH CH) 
| e pe oan 
R-CH=CH (CH, )= C-R' RIC \ (27) 
oS CHCHSR 
18 NG: Sg 34) 


and six-membered, cyclic tertiary alconolse(19) were 
obtained in moderately good yields (35-66%). 
The “existeiice in some natural products, such as 
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WLeh the synthetically*chablencgine features of an exo- 
Cyclic methylene’ group adjacent to a) bridgehead tertiary 
hydroxyivhas stimulated thesgdevelopment,of various syn- 
bite tile approaches to the construction of the C/D ring 
system. These usually involve reductive cyclization of 
a’molecule with bifunctionality arranged in a 1-5 man- 
ner. 

The most direct approach was utilised by Stork and 
coworkers who achieved the synthesis of the C/D ring sys- 


tem by the chemical reduction of a keto-acetylene (partial 
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structure 21) with lithium in liquid ammonia-tetrahydro- 


87,88 


furan solution. (eq. 28) The formation of the 


C=CH 
CH, 
De 


ok 
cyclic alcohol 22 was found to be highly dependent on 
the geometrical orientation of the propargyl group. 
Cyclization was more favourable when the propargyl 
Croup, Waseind l,S-axial positiom to the carbonylegroup’. 
ALSo.ecthe, same. type of cy.clic -alcohohiwas ‘obtained by. 
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Corey and coworkers on treatment of a bromovinyl 


Ketone (partialy structure 23) fwith di-n-butylcoppertithium. 


ihe success of the reaction was ‘criutmcally dependent on 


proper pelecti0n Of conditions: of Wenperature ‘and sol- 


NCTE tee es 


several other indirect approaches to the construc- 


as Worthy 


L10n 04, this system havespeecnaccomplashed. 
Oimiote us) the painacol cyclazation of the keto-aldehyde 


24 to the diol 25 using magnesium in tetrahydrofuran? @q.29) 
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H H 
Mg (29) 
rr 
THE “it OH 
0 
0 ~~OH 
tiie! 25 


The purpose of the present investigation was to 
Stucy the possibility of effecting cyclization of unsa- 
turdeedaketones by electron, trams#er 4r0m an aromatic 
radical anion. Simple unsaturated model systems were 
eieetederOu Study, ssuch, as Olctinic,.aceuylenice and 


omaheiinCmKerOnes, G20" = 15.0i)r. 


Op oO ill 0 
26 R =H 28 R= H 30 
27 R = CH, 20g Re ACH 


Tt was Nopedsthat by probing uthe possibile -cenera- 
lity Of thus Teductive. cyclizationsformasvariety of sim- 
ple unsaturated systems, this approach could yield some 
understanding of the use of electron transfer reagents 


in the cyclization of more complex molecules. 
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RESULTS AND DISCUSSION 


The observation that non-conjugated olefins are 


not readily reduced by electrolytic methods Waa 


as 
opposed to a ketonic carbonyl group a suggested that 
the cyclization of unsaturated ketones such as 18 (in 
equation 27)was probably initiated by electron transfer 
to ‘the carbonyl moiety of the molecule. Cyclization 
ohrupstrates)1 ®jand I6 (eqs. 25 ‘and26) probably arises 
also byitinitial electron ‘transfer to ‘the «carbonyl: moie- 
ty. However, under certain conditions of dissolving 
metal solutions (such as lithium-ammonia-alcohol and 
lithium-ethylamine-alcohol combinations), terminal 
olefins have been observed to undergo reduction to 


a On the: other hand, -ter- 


the corresponding alkanes. 
minal toliehans have also been found to’ be stable under 
conditions such as sodium in liquid ammonia (in the 
presence of ammonium sulphate).°° Gonsequent hy; ‘the 
search for an aromatic radical anion which would effec- 
eivery. and selectively transter’ an. electron to-an ali; 
phatic carbonyl group was undertaken. 

Comparison of reported half-wave potentials, mea- 
sured under relatively comparable conditions, was used 
as a guide for exploratory experiments. The values for 
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several substrates considered are: 


biphenyl, -2.65V; phenanthrene, -2.70V; aliphatic ketone, 


oa 


naphtha bene.) 9-2).-50V ; 
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-2:2 to -2.5V, versus the normal calomel electrode. 
(ihe *efectron-atiimnity increases as the negative value 
tends to’ 0.00V.) 

Biphenyl was initially chosen as the hydrocarbon 
component of the electron transfer reducing agent. It 
was felt that electron transfer from sodium biphenyl 
would occur selectively to the carbonyl group since 
terminal olefins had been observed to be stable to this 
reagent. °° (eq. 8). 

ine wreductive (cyclizauson Of Op hepcen —z-one (20) 
and so-methyalo-hepten—2Z-one (27) was Studved. These ‘sub- 
strates were prepared by the Cope rearrangement of the 
corresponding allyl methyl vinyl carbinols. The latter 
were obtained from the addition of the respective allyl 
or methallyl Grignard reagents to methyl vinyl ketone, as 


shown below. >> (eqs 30) 


Ether Ss 


(30) 


Lie = CH. 


An attempt at preparing 26 by the 1,4-addition of 


allylcopper (prepared from equivalent amounts of allyl- 


0 


magnesium bromide and cuprous iodide)?° to methyl vinyl 
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ketone failed to give any appreciable amount of the 
desired iproduct:+(2.6:): 

When three equivalents of sodium biphenyl were 
added to a tetrahydrofuran solution of 2G P7095 then 
G42 025 Uprorrschours:) 1aess4yy teld ro fethe weyc Inc labcohol; 
1,2-dimethylcyclopentanol was obtained as a mixture of 
ers gslajcandstrans t031b') eisomers (in la cratnoeof t/Z6'ato 


24 respectively). However, unreacted substrate was also 


CH, we : CH ea H 


r\\CH 


3la 31b 


presentoin' a 35% yield. “At higher temperatures for-«the 
addition of reagent (-35 to -40°) and longer reaction 
times (18 hours at 25°) after addition was complete, there 
Fesultéedsaes low ibuthincomplete utsalizationlofnthe sub= 
strate (22% unreacted) with no appreciable increase in 
thesydield ofd35ih(452).y7 pAotnace amount ofxthecobefingc 


akcohol 32 was also formed. 


CHz OH 


Se 


In a preliminary experiment using dimethoxyethane 
as solvent, an amount of sodium biphenyl reagent (less 


thane2 tequiy, )ehad accidently ‘beénduseds teThesradical 
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anion was completely consumed and the resulting mixture 
showed (glc) only traces of cyclic alcohol 31. Additional 
/ sodiume(inepieces) rwasiadded and the *mixtuné was ‘stirred 
(-45°) until the blue colour of the biphenyl radical 
anion appeared. This early experiment was followed (glc) 
by periodically sampling aliquots, and revealed only a 
SMyoiieiichedse ingthesyield of sls, therefore, to study 
the effect tor savpraton source, fsomeit-butyl salcohok was 
added. The blue colour disappeared, and then reappeared 
(after 3 to 5 hours), at which point glc analysis showed 
thatnhall the ketonethad reactede’ "The (yield of cyélic 
alcohol 31 was estimated as 60%. 

Teseontunmnt theséerresults}ealmixturéeio£ G=hepten=-2- 
one, biphenyl (6 equiv.), sodium metal (20 equiv.) and 
t-butyl alcohol (10 equiv.) were reacted (-45°) in dime- 
thoxyethane suntiilsthercolourrofrthe radical anvonspersis - 
teds, Atethis pointhtthersubstratechadebeentcompletely 
consumed} tandrtheronby tproductsawere 'aimixture of the 
tsomertegalcohotstsbatand SibeinvaGratiosofusoahl (os% 
yield). 

Many factors had been changed in this reaction 
(solvent, stoichiometry of the reagents, and the presen- 
Gée ofPaeproton“sourcée) Worprobe which of sthese factors 
were favourable for cyclization the following experiment 
was performed. To a tetrahydrofuran solution of the 


enone (-35°), only sodium was added. After 30 minutes, 
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the only detectable product was a trace of the trans 
alcohol 31b. -Additionsof ¢-butyl. alcohol (1 equiv.) 
nesulted?.mn) thestormataon of the olefinic vateohok .52 
Pucae 455 yield. Addition of biphenyl to this mix- 
ture resulted in the appearance of the cis alcohol 
3la, and the yield of acyclic alcohol 32 was sien ieec- 
Led. 

The following conclusions could be drawn from 
these observations. Firstly; although the, sodium biphe- 
iyueradicallanion .could induce the cyclization’s 2t did 
not necessarily have to be preformed (i.e., it could be 
Cenevatcede 11 Situ.) ssccondly , the presence of de proton 
Source was required for-complete utilization of the 
Starting material, the olefinic ketone 26. 

AS a result, optimization of the yield of <ychic 
alcohols was attempted by varying some reaction parame- 
LEvS_ssuchasusOLVent.. progon source,and temperature. 
iheecesultsparespresented in. Lableslil. 

From these results, it should be noted that the 
reaction of 6-hepten-2-one (26) with sodium biphenyl 
appeared to approach 50% conversion in the absence of a 
ProOcvonMsounce (ENneriesmals sf eand.5).. ln ithe, presence 
of a proton source, and when tetrahydrofuran was used as 
solvent, there was no major effect on the formation of 
the, cyclized alcohol plrntries 1@and.2 versus entries 


3 and 4) It would seem that reaction of the biphenyl 
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radical anion with the proton source is highly compe- 
titive with electron transfer to the olefinic ketone 

in tetrahydrofuran. However, dimethoxyethane allows the 
formation of the radical anion and its reaction as an 
CleGtrollecrancier Teapentrin the presence, Of a. proton 
source, ~[hese observations are, in.accord with ‘the /con- 


19,20 on the 


clusions reached by S-Bank and coworkers, 
related sodium naphthalene system as previously noted 
iiecnecuseneralsintroguctton, to Part. 1... i Thateis, solvents 
such as dimethoxyethane which favour the formation of 
loose 10n-pairs also favour the electron transfer path- 
way. 

Thus. s0ptimumn, yeelas tor awhis reaction Wene. ObLain- 
ed (Entry 7) when the olefinic ketone was slowly added 
Simultaneously with a small excess of water (1.2 equiv.) 
LOwdemixturne, Of sodium and biphenyl vat ca. —355, in Jdime- 
thoxyethane and the mixture stirred until the colour 
of the radical anion appeared and persisted. 


Yet, when this procedure was applied to 6-methyl- 


Oenepten- 2-one wc /) sune expected cyelic alconol, 55, was 


OH 


5 


not. formed. After stizrine for 5, hours: (subsequent to 


thespereistenceof the bine coloun) 50% of: 20 had= been 
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consumed... “Afiter 18 hours at room temperature, only traces 
of starting material were present along with small amounts 
of three components (<5%). They were assigned structures 

Dates evcr aia jo Ol tne basis OL ghc revention time, by 


comparison with authentic samples. 


34a 34b 35 

Reaction of 27 with preformed sodium biphenyl 
did@ecttuiet. Water mat 1.55.0) “40 |, OG ve-butcy i alcohol (at 
0°) as proton sources, did not'‘effect the formation of 
the desired cyclic alcohol. 

Hie gle Uctance (Ontig/ 2 LOlCy Grize unas. MO Gain ello ide 
Ty unexpected result. ~Shono and Mitani,°° ieee. tae wee = 
Grory tie ~loccscs (Cd. 92)) . Nac Obtdinec tne OLerTINniIc ai 
conor 5s» aS the only product in a low yield (2224-‘upon 
electrolytic reductlon Of, O smerny l-O-nepten-Z~one: (27). 

Examination of molecular models indicated that steric 
crowding between the olefinic methyl group and the methyl 
CarDolyl group ol approdacn for the formation of a five- 
menbered ring Mientpe an important. factor for the fail- 
ure jor the rine closure. Attempts at minimizing the 
efrective DUlKINeSss SUTrrouNCcing “the presumed intermedia- 
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Crowngethers Suchias dacychehexyls18-crown-6F3¢36), 
are known to be effective selective complexing agents 


for cations such as sodium and potassium. +?! 


ion 


The use of 


0 0 
Kivased ke 
36 

36 with sodium biphenyl, it was hoped, would separate 
the sodium cation from the vicinity of the ketyl oxygen 
by complexation, thus rendering a less crowded transi- 
tion state for ring: closure. When the olefinic ketone 
27 was treated with the sodium biphenyl-crown ether com- 
bination, there resulted the formation of a new component 
in the product mixture (in a trace amount), which was 
assigned the »structure of the desired alcohol, 33, on the 
basis of its glc retention time. However, the sodium 
biphenyl-crown ether reagent was also observed to be less 
stable (in dimethoxyethane) at room temperature than 
the uncomplexed reagent. Thus, the result obtained in 
the reaction with 27 might also have been due to a change 
im stive rreactivityp loftethet radical taniion!) Brought about ‘by 
the cation-complexing ether. 


Therefore, the reduction with other radical anions 
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68 have used 


was investigated. Darling and coworkers 
alkali metal-trimesitylboron complexes as reducing agents 
for enones. These reagents have the additional advan- 
taees0f being unreactive towards protic solvents. 

AS wassrepnorted peatlier  (Chapter,1),..sodiun .trnimne- 
SUCyIbDOron Proveda to be tassuccessiul reducing agent .for 
thesdehalocenatton lof a-chlorocyclanones. However, its 
reaction with non-activated ketones, such as dialkyl 
Ketones, .has also been reported to be negligible. °° On 
the other hand, it was hoped that its use with a crown 
cthenmisht result’ 1n the formation of a sodium-trimesi- 
tyl boron complex with~increased reactivity for electron 
franster toOwa Carbonyl ‘group. 

Diesre2ct1 OusOfsoOamethy iO heptenZ2,0ne, 1007) awit 
a sodium trimesitylboron solution (in dimethoxyethane) 
econtaining-t-butyl alcohol and crown ether 36 afforded, 
aseciewonly product after a slows reaction (16 hrs, 25”), 
thesuncyclizedsalcohol 35. i Wi seyieldibased on veconverted 
ketone. 

successful ring~closure was finally achieved, when 
Z/ was treated withea dimethoxyethane solution of lithium 
Crimesit Aboronyand et -butylealcoholeat.0 ( slhe reaction 
Wasewircually conplete atter addition of the substrate. 


AuMixture sor 12, 2>trimethylcyclopentanol (33) and the 


olefinic alcohol 35 (47 and. 48% yield respectively) was 
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formed. In the absence of trimesitylboron, the reduction 
of 27 using lithium and t-butyl alcohol, under the same 
condit#ons;fatfordedease97% yield ofasseandionlyttraces 

OfwG 3% 

Thetreduction ofhtheratetylenicoketonées 28) andn2d 
with these reagents (sodium biphenyl, sodium and lithium 
trimesitylboron) was studied. 

The acetylenic ketones were prepared as shown in 
scheme III. The ethylene ketal’ of 5-bromo-2-pentanone 


was alkylated with either sodium acetylide or sodium 


Scheme III 
co 
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CH, (298) 


-vespectively, followed by mild hy dro- 
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methylacetylidel® 


lysis according to the method of Stork and coworkers. 
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O-Neptym-72-One (28) wasmreduced: under ther Same con- 
ditions as those for optimum cyclization of the corres- 
PondiieTOVeranver Ke tonercor (ive. , staple lil, entry: /);, 
(Two equivalents of water were used instead of the 1.2 
PUUIVALCHLSe CIiLCGda) ihe Ccyelicealconol, i-methyl=2-me- 
thylenecyclopentanol (37) was formed in 83% yield (gic) 


(isolated, 58%). 


CH 


oi 
ireavuen Grote OnOCkyn cone (29) Sinwthe. same manner 
mMesulLtecaminmear very stow sreactulon we cer. of hours, some 
unreacted ketone remained (6%). On glc analysis, two 
products were present, the desired cyclic alcohol, 2-ethyl- 
idene-l-methylcyclopentanol (15%) and the uncyclized al- 


Coolio. sda LtrOne ot eco t(witnec DULY la lLcohol)* to a 


i 


CH H il 


38 
preformed sodium biphenyl solution gave only traces of 
these products after one hour at 0° along with 81% un- 


teaccea acetylenic ketone. 
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However, addition of 29 (in dimethoxyethane, with 
Pormeouiy @ Ot 7 butyielal cone) )to..a gpretormed. solution 
of sodium trimesity.boron..(3 equiv. «led to complete uti- 
lization of tthe, acety Lenic.ketone, after. 5 hours,,(at. 0 to 
-5 J. Nmr analysis, of the crude Be aauet Indicated ine 
Presence, OL eqialamounts of The ycyclic alcohol and 48. 
the cyclic wicohol, Z2-ethyiidene-1l-methy,lcyclopentanol 


was tentatively assigned the anti configuration, 39a, 


39a 39b 

on the basis of the chemical shifts of the protons. of 
Che ole tigc methyl eroup. y the wield of alcohol 59a was 
estimated as 30% (glc). 

When 29 was added to a preformed solution of 1li- 
thium trimesitylboron in dimethoxyethane containing 
G- Duty aAleconols (a5 to alto) this ted to yvirtual ly som- 
plete utilization of the substrate immediately on addi- 
Elon. wpe uma xturenconsuctedsOtmcan ot sod. (alc) .asmihe 
major component and 38 as a minor component. The isolated 
mixture was shown to contain a third component (by nmr) 
which Was (assigned the structure S59b. he three compo- 


lenis Wwemne present an) she ratio) jo fo: 14-81. (58. 39) 7.594). 
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(hese structural assienments (39a and 39b) were 
confirmed by nmr spectroscopy using the paramagnetic 
Snifit reagent, tris (heptafluono-dimethyloctanedionato)- 
europium [Eu(fod) .]. The observed, chemical shifts of the 
Pr OCOlnS, On Stile echydadene oe roup and the protons of. the 
C,-methyl group with and without Eu (fod), ane Given in 
bable lV. @bBy making use jof the fact that the isotropic 
Shitts decrease with increasing distance) of the respec- 


104,105 fin ythis case, 


tive nuclei’ from the bonding site, 
the Eu-OH complex), the assignment can be made by comparing 
the various changes in chemical shifts (Aé) in the major 
(39a) and minor (39b) components of the product mixture, 
on a qualitative basis. 

The magnitude of these changes (Aé) in the resonances 


Of theevinyl proton and of) the protons of the .C, -methyl 


1 
group in 39a indicate that both types of protons are 
approximately at the same distance from the paramagnetic 
europium-hydroxyl complex (4.50 vesus 4.5Z ein dable IV). 
The same argument applies for the changes (AS) in 39b. 
Ihe resonance of the protons on ‘the C,-methyl group 91s 
shifted by approximately the same amount as that of the 
vinyl proton. On the other hand, comparison of the dif- 
ferences in chemical shifts (AdS)rof the protons in the 
ethylidene group (C=Cy and C=C-CH,) reveals that Ja" barcer 
NONES Wobserved for the vinyt proton in 39a as opposed to 


the methyl protons (4.32 versus 0.79). This order is 
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Reversed simiogo (Lo 70 versus | 209). 

Finally, the reductive cyclization of a simple 
allenic Ketone was, investigated. 

5,6-Heptadien-Z-one (30) was synthesised by a mo- 
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dification of the method of Crandall and Mayer from 


tieeappropriuace olerinic ketal. Aserepreséented in 


scheme IV, condensation with dibromocarbene gave the 


Scheme IV 


aa 0 HCBr, ,KOt-Bu 
HO _OH a 
p~TsOH 7G He Pentane, 0° 
) 


ae 
Gai 8 85% 
C] ae 
Br 1) MeLi,Et,0,-65° 
ROP eer AN. OI 
Ppousts 1eGneqe0" 
2h 
an 3) MeOH,H,0,H ime 


30 
Ie t-cibpromocyclopropane adduct. whe latter, on treatment 
with methyl lithium followed by mild hydrolysis gave the 
desured product: 
The—allenic ketone 30 was found to be more reactive 
towards the electron. transfer reagents than any of the 
other substrates studied. 


The allenic ketone was treated under the conditions 
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whereby 6-hepten-2-one and 6-heptyn-2-one gave maximum 
VaicwionOLe Cy CiuzZed Product (lew. wontry /, lab ke. hh). 
tieTewwas fobtainedsthescyclic alcohol 37 an) 15% ywreld: 

Attempts rat attenuating the conditions, by perfor= 
Haieethe  reactaon ates/0- by addition to 3 equivalents 
Of prerormed sodium biphenyl (in DME:THF, 4:1) led, after 
Po einuces CG dol pyle ld of cyclized product (3/7) 9, 0n 
tne jotiier hand, a Very Slow reaction occurréd when 30 
was added to a preformed- sodium trimesitylboron solu- 
ELON Ca.e =o) it dimethoxyethane. “After 2. hours a ratio 
OTM UTNE Otws0 —tO oi was=reached. Warming above 0. -re- 
Sultved inva fast disappearance of ‘the substrate and 
iMewrOrmatione Ol vo7 ina 50s yield. 

NOmapprecrable increase im the »yield jot o/ was 
ach ivevedeby. per roLming the redction, at, 25 using "E-bury) 
alcohol as proton source (54+59%)). 

However, wienva large: excesseot c-buty ly alconol 
(10 equiv.) was added to the prechilled sodium trimesi- 
tyuporon solution (0 to =5°) prior to-che: addition of the 
AuLeMmUGEKe LONG ea theavatela tod CYClIi zed: DLOGuUCL rose tO 
(ABT ao. lt wasmlater discovered that allyiwe alcohols 
Such aswo/Pand 59 weLreavetyapeone — (o decomposition 
(by wdehydratvon) in the aunjector inket of the gas «chro- 
matograph during analysis, indicating that the yields 
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probably higher than -the values” reported. It was found 
Por’ 505 that reducing thé “injector steniperature rt rom e200 ° 
to ca. 130-140° minimized this decomposition. 

All the substrates studied in this investigation, 
compounds +2630) teyclazed'with \prefetential ring ‘closure 
toVtorm™the Yfive-membered cy clés oOSExamination Yofmole- 
cular models of these substrates indicate that overlap 
between the p-orbitals at C, and Ce» is a geometrically 
PaVvVOUGaDwempDTOCes S- 

Although there 1S “no experimental evidence in sup- 
POL OL any particular MeGhanestic scheme, there are, 
however, reportssot preferential ring clioosure to five- 
membered rings in somewhat related systems. 5-Hexenyl 
Gadieals,. represented by structure 40, have been obser; 


ved to<give preferéntral closmre. to-the five carbon 
FO7 


cycle (eqe 31)... Yoimalarly,) they relatedss-hexyny) 
ny: Y J 
eure Xx 
———— EE C519) 
40 
esl gk 


Sete on 


AlIGR. ={Heor7Me 
Tadven lS2such.as* structure 41 have also been observed 


to close in the same way, 108 Ged 2! 52:) 
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Despite the fact that no mechanistic studies 
were. oer Lormed sin the present investioation ,vaniuat trac- 
tive and reasonable pathway -for the .reductive .cycliza- 
tions can be postulated, by analogy with the above. 
this is tillustratedgin Scheme Vitor the cyclization. oF 


G- hep ten. 2-one. Initial electron transfer to the 


Scheme V 


Z(H) One 
OH 
Het oeor 
223m © 
€) jh-8 
Unsaturated) ketones oivessrise Stora kety lo (42). “Cycli- 


zation at that stage, (via path a) has been proposed by 


Greenwood, Qureshi, and Sutherland ee 


for. the formation 
ot it rom. 216 (eq. 20). vViowever-srino closure vot. an 


alkoxy radical (43)% assobtained via path b,.by proton 
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abstraction from some donor (water or t-butyl alcohol) 
with preferential ring closure to a five-membered ring, 
finds ample analogy in the S5-hexenyl radical system 
(edna sie 
A similar pathway could be invoked for the cycliza- 
tion of acetylenic ketones. (eq. 53). Stork and coworkers 


H 


| 
H 
Cito conaeanee, ol ee 
Rhee eee wee 


have proposed an initial electron transfer to the tri- 


ple bond of an acetylenic’ ketone (eq. 34) yielding an 


ane @ "5 8) _-H 
iment fae en 


(34) 


acetylenic radical anion which undergoes ring closure 
bY snuCcClLeOpni 1c addition Of 4 hiny 1) carbanlon to; coe 
carbonyl eiecrion AS yet, no firm experimental evi- 
dence has been obtained to either strongly support or 
TeJeCeseciune)T O1scnese. proposals. 

Recently it has been observed that five-membered 
Tings can also be formed by “the cyclization of S=hexe= 


nyl organometallic compounds 109 


108,110 


and, (O-acecy lenic  Gri- 


gnard reagents. Whether these are "radical" 
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Of aAnvonic cyclizations, however, remains to be deter- 
mined, 

In summary, it appears from this brief investigation 
thatethe use of racical anions as;,electron transfer rea- 
gents 1s a feasible and useful synthetic tool to effect 
intramolecular cyclizations. 

However. Many factors; contribute to the success ‘or 
failure of this process, such as solvent, temperature, 
SOUMtCTMAON., sand protonesource.. “All> are important para- 
meters which must be considered in applying this method 
POeDOUvyiunceLOnalsmolLecules ot higher complexity so as 
ROmaiCile Vcr CYGLUZatTOnmSelectlyely OVer OLE possibile 


Side-reactions. 
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EXPERIMENTAL 


General Considerations 

Infrared (ir) spectra were recorded on a Unicam 
chetvCOminirareds speceropho tometer: 

Nuclear magnetic resonance (nmr) spectra were run 
on a VarianyA- 60 Sop HR=100 Spectrometér. “oUnbesscother- 
wise stated, carbon tetrachloride (CC1,) was employed as 
the solvent with tetramethylsilane (TMS) as the internal 
reference estandard. «iGhémical pshifts care vréeported tas «6 
values relative to TMS = 0. The following abbreviations 


wero Vvused inithemvext: Giss=ismigleteddin doublet fotizngtri- 


PEE Vuq b= CquaPpeetindses =hsextetymandhm multiptet : 

Mass spectra were recorded on an AEI Model MS-2 
Ometiodel, MS-9 Spectrometer. Spectra are reported in) the 
following fashion: m/e = peak mass (relative intensity). 

Quantitative gas liquid chromatographic (glc) ana- 
lyses were performed on Varian Aerograph Series 1200 and 
1400 instruments versus a reference solution of the au- 
thentie compounds }lusing the ftoldowingscolumns:,. Column A: 
10% 8;g"-oxydipropionitrile on Chromosorb W,.5'/1/8"; Co- 
DuUNAGAB sha V5 %eGarbowaxh6G00 on Chromosorb 1425¢/17/7 82 emGolumn 
C: 15% Carbowax 20M on Chromosorb W~AW-DMCS, 5'/1/8"'. 
Preparative gc work was performed on a Varian Aerograph 


ASOGsPSrinstrumentsusing sCodunn DD:  e15 seSTAPHoneChrono- 
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Refractive indices were measured on a Bausch and 
Lomb Abbé - 3L Refractometer. 
All operations were carried out under an atmosphe- 


Her Od oO xVigen-tree nitrogen. °? 


Preparation ot?’ Raida cade Anions Sol utaons, 


Biphenyl was purified according to conventional 


methods, +11 


Trimesitylboron was purified by sublima- 
taOmm [180-185° (2 mm)]. Tetrahydrofuran and dimethoxy- 
ethanerwere freshly distilled pricr to. use £rom lithium 
aluminium hydride and the sodium benzophenone ketyl res- 
pectively. The amount of solvent used in the following 
procedure corresponds to that amount which would be re- 
quired to give the stated molarity in the specific experi- 
ment Sq 

Sodium Biphenyl. All solutions were prepared by 
stirring magnetically (glass-coated stirring bar) at am- 
bient temperature, (24 - 26°) one equivalent of freshly 
cut sodium shavings with two equivalents of purified 
baphenylwansthe desaxredgsolvent fora3stonSahdurs! 

Sodium Trimesitylboron. Equivalent amounts of 
sodium shavings and trimesitylboron were added to dime- 
thoxyethane. Formation of the blue colour of the radical 
anLonametab)complexqwascimmedpategonamixifige olhenmixture 
Was «Stinred;for,at,least 3-hours vat sambientotemperature 


before use (glass-coated stirring bar). 
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Lithiumytramesitylboron. yssolutions of this complex 
Were stormed in.a manner similarijsto that of sodium _trime- 
Siuyl boron,using. 10g. 420% sexcess lithium metal... Formation 
Ofsthe characteristic blue ycolLour.was snot .immediate. ,Vi- 
SOPOUS S&bixzring was necessary to release, the -complexwfrom 
thessurtace ofthe metals which-was, initially, formed, as 
upblacks coatings, Reactionwtimes of ,6/ to, 15 houns were 
allowed from the time the blue complex appeared in solu- 


Sion? 


General Work-up and Isolation Procedure. 


Ine the preacll Obebe tween «astadical anion solution 
and an unsaturated ketone, the following procedure was 
followed. Unless otherwise stated, the reaction mixture 
was quenched by addition of a saturated ammonium chlo- 
Fideysolution“ (1/20, to. 1/10 of, volume), carefully, when 
unreacted metal was present. The aqueous layer ee 
extracted with ether, (S.times,sequalsvolumes)-, The icom- 
bined organic phases were washed with brine solution, and 
dried (Na,SO),). Concentration to, a,standard. volume usual - 
ly followed for glc quantitative analysis. 

BOleasOlavi on purposes | Separacion Of sthe. reaction 
Components iroms thes bulk, of the “biphenyl or, trimesitylboron 
wasaccomplished,in,the following way. .The,organic extract 
WaS-concentrated under, vacuum (rotary evaporator, bath 


temperature below,60°). .On cooling.the concentrate, in ice, 
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a Solid USUalily Separated. "Halt btNe volume of aqueous 
methanol” (1:1 by volume) was added. If no solid separa- 
ted, che soOluctron, Was poured’ Onto-dn equal “volume of -rce= 
Cold aaucous methanor (1:1) ?"The solra was ”*f11téred”*and 
Washed -(2” or S*times)ewith aqueous methanol’ (lvl). ”" “the 
filtrate was saturated with sodium chloride and extrac- 
ted with an equal volume of ether (3 times). The solvent 
was removed under vacuum until the concentrate showed two 
layers. These were separated and the aqueous layer was 
again extracted with ether. The combined organic phases 


were dried (Na SO, ) and the solvent removed. The second 


Z 
exeractron usually afforded a concentrate free or any 


methanol or water. 


AtCempted= synthesis of o-Hepten-2-one ‘by *Reaction of 


Allylcopper 100 with Methyl Vinyl Ketone. 


Allylmagnesium bromide was prepared according to 


Grummitt et al. 114 


by- the, additi0n,o0fn18.84¢ (GslS5amole) 
of allyl .abuomide to Fa4a4g0(055049.=gatom),jof magnesium 
turnincsyinseZ0)omi of tdry rethersatalaarhihe akhyl Grz- 
gnard solution was decanted from the unreacted magnesium 
by filtration through a glass-wool plug, under No. iLme 
solid was washed with anhydrous ether, and the washes 
added.toO stbeuhul trate... Buni tiedecup nous jLodide 762945 +0, 


0551455 +0.) 6) awas yadded ,to, the jcooled \Grignard solution 


(-78°).,; and the mixture was warmed (to -30 and -40°) for 
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2ehours ‘witheconstantmiechanrecalsstirring?* ~The dark red 
mixture twas +cooted €-78°)"and"5e29's' (0.077 mole) -of 
freshly distilled methyl vinyl ketone in ether was added 
dropwise during 2 hours. The reaction mixture was al- 
lowed to warm to 0° and poured into ice-cold saturated 
ammonium chloride solution. After ether extraction, the 
combined organic extracts were washed with brine solution, 
dried (Na,SO,), and concentrated (rotary evaporator). 
Distillation“of*the residue afforded'5.9 ¢ (70%) of" a 
fraceion -wihichtdrstilled*at 40-42" (5 "nm).@*lhe »pro= 
duct consisted of two components. A sample, separated 
by preparative gle (Column D, 120°); was shown'to con- 
€ain approximately 7O2°o0f*the i §2-adduct{ Sallyl methyl 
Vinyl «carbine Pyorr? (1 quid 1 £i Im) +e53400 ebr4 (bonded *OH) , 
SULOG PS40}-PO40 9 7990, (9 D5 cm} (CH=CH, ) ; TOL wero hie 
tS 215) CH,-C-OH, F270 ¢s., *exehd “Dy D,0) Gay ad. 24 CdMor 


sj 


Ciel e dM -Osomana~ 1.07 cps) *=ChGle-GOHt 448-622 (ms. 6) 


2 
[C#,=CH-], . the 1,4-adduct, 6-hepten-2-one was shown 
in the same way, to be present in 30% yield, ir (liquid 


Pulm Ply 5) (C=O 8 L565) (activated metny 1), 50/05 1850:, 


1 


1640,°990, 915 cm @CHsCH jc qamr: Go 2 705 (s,s) CE C=O, 


Pee ian Ox Scus CHACH GOA = 2. ims oA) 


2 


CHoCH C=, 4.7 - 6.0 (m, 3) -CH=CH,. An attempt at sepa- 


Z 
facie.) the ketone arom the alcohol by vigorously stir- 
Ting the distilled product=mixture in ether (200 m1) 


with 500 ml of saturated sodium bisulphite solution 
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baled. PLeclpitacing the basuiphace addition pro- 
GuGtratter F0;days at room temperature, ana upon COO l- 


Mes tic bDisutpnitte Layer in, 1ce, 


Pirepanat ton Of sO hNepten-2- one (20) Uy Redrrangement OL 
Roy aMoun vie \ tiy-L Ga rodlow. 
Howan evler Solucton-O1 allyimaenesium bromide 


(prepared®as described previously) de 


was added, drop- 
WEse, ai euler SOLULION of methyl Vinyl Ketone (10.6 ¢4 
Or Loo mole). Atter™ stirring tor 50°minutes et .0%, ‘the 
Feacrwon Mixeure Was pOUred Into an qual’ yolune, of 
Saturated=ammonium chiaride solution. “The layérs were 
separated, and the aqueous phase was extracted with 
ether. The combined organic phases were washed with 
brine solution, dried (Na,SO,), and sconcentrated., [he 
Leslaucuwas sDyGOLyScOsDy ailyteceino es hOWwl yee soe mL Sam 
pres on a column” (5'/1/4")sof elass *beads=at 5807390° 
witha nitrogen’ gasi*fiow of 2Z.5*mlsper minute, connec- 
ted to a collector immersed in a Dry‘Ice-acetone bath. 
A light orange oil was obtained which was chromatogra- 
Pledsover Ssii1ea sel (Kresel Geb) musing 7 -pentane-c tier 
C37 1 {by Svolume).cas-eluant....Thesketone=contdining £rac- 
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Preparation of Methallyl Methyl Vinyl Carbinol. 
Wo sol whrvonrof w45; gnG0leS mmole), of inethiallylyechtlo- 


midetin 4S5:imk of ether waswadded idnopwise ito a2 3)ye (lh e.- 
atom) of magnesium turnings in 200 ml of ether at 0°. 
After 2 hours, the solution was decanted and the magne- 
Sium was washed several times with dry ether. To the 
cooled methallylmagnesium chloride solution (0°), was 
added ,dropwise a solution of methyl -vinyl ketone .(28 g, 
Qadvemole)iiyn 30 ml iofijethers). The mrixture jwas zablowed 

to warm to room temperature and worked up in a manner 
analogous jtorthay described for the meacgtion rot the 
ably BjGruonard rea¢étion. 7 Fraettonal \distrhlation sof 

eae erude product. afforded 26 ¢ (52%) of methallyl 
meuny Uevinylcarbinol, bp. 54.5-55.0- “(19 mm) (ike eo 
Poe4h7a€lOmnm) |} Je pC hiquid -tiinjeneS5450 br (bonded ‘OH) , 
1640 (C=C), 990, 920 (-CH=CH,), 890 (C=CH,), 1460, 

1375 cm + (methyl); nmr: 6 1.25 (s, 3) CH,-C-OH, 1.64 


(sj; exch by D,0) ORgelse26uGs 492) dGHF=C-0Hs 1280 (by dx 


2 
of deshbicps) CH,-C=CH, 446 9- (673 nm, 45) C=CH, and 
CH=CH. 
Rearrangement of Methallyl Methyl Vinyl Carbinol.”> Pre- 


pavotion ofm6-Methyl-Onhepten-gané. (27) 
Under axpressure ofs15 imms{17.37¢4(0.14amole): of 


methallyl methyl vinyl carbinol was slowly distilled 


through a column (30 cm x 2.5 cm) packed with glass 
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helices, which was kept at a temperature of 390°. The 
rearranged product was condensed in a flask connected 

at the outlet of the column and immersed in a Dry Ice- 
acetone bath.” Fractional, distillation of the condensate 
horde: 22) Oli, )eOt va Ketone CONntaining tract Lon, 
Dome. 22m) whachwas shown to contain traces oF 
Hi ueONGleDy sir. (Paes products Was im Urtner puri ti ed Uby 
Pecbanitiverplc (Colunn Wiys0) yielding (27 as a\colour- 
os SmeLouUtdya Lr GliGulder idan dy tole (GSO) 1 36:5; factava= 
ted methyl), 3080, 1645, 890 em ” (C=CH,); nmr: 6 1.4 - 


2.3 (m, 4) CH,-CH,-C-, 1.73 (br s, 3) CH,-C-CH,, 2.10 


2 > 
C=0, 4.78 


Z 


ero ieCH G= One 58 (ti 28 Jia eeps.) Clack 


ao 


Dies 2s) C=CH,. 


Prepdjationgot a) 2ovimethy lcyclosentanol. 
AVSOLUtION OF 2-methyicyclopentanone (2705) 9, 20.9 


mmole) in 5 ml of ether was added dropwise to an ether 
solution of methylmagnesium iodide [from 3.41 g (24 mmole) 
of methyl iodide and 0.884 g (37 mg.-atom) of magnesium 
ijelLoeml yor ether |. ine reaction was quenched by adding 
Saturated ammonium chloride solution. Extraction with 
ether, followed by washing the ether extracts with brine 
solution, and drying (Na,SO,) Maven tatven sTremOVia lL Od tire 
SOLVelNG edu stractulonal distillation, 1.4 o -(58%) “of 1 2= 
dimethylcyclopentanol [bp 63-64° (20 mm)] as an isomeric 


Mi cure, sw ePreparanive clo (Column). 140°) afforded pure 
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trans -~—PM2*dimethyicyclopentanol (1b), Ny : 


194466 ,.(Lits > 


24405) Pand=pure crs=l +2“dimethylcyclopentanol-(30a) 5 


Z5 gs) 


an ot. 45Tat (Dae 


n PEASAS I. 


Reaction of 6-Hepten-2-one (26) with Sodium Biphenyl. 
In®tetrahydrofuran "at ®-70°%° (Table ELEs entry *1i +) 


A preformed sodium biphenyl solution (35 ml of 0.25M so- 
lution) in tetrahydrofuran was added, dropwise, during 
Meroure cones (g"( 257 *nmo be, VoreZoyas*a Solution sin? 0 
ml of tetrahydrofuran, cooled by a Dry Ice-acetone bath. 
The blue-green solution was allowed to warm to 25° and 
then, was magnetically stirred for 3 hours. The reac- 
tion mixture was quenched by pouring into an equal volu- 
me of ice-cold saturated ammonium chloride solution. 
Theaqueous layer “was *extractéd©(3 ‘times)“with ether: 
The organic extracts were washed with brine solution and 
dried (Na,SO,). After removal of the solvent, the con- 
centrate was shown to contain three components (other 
than biphenyl and reduced biphenyls), by glc analysis 
(Column A, 60°). By comparison with authentic samples 
(prepared previously), the components were identified 
(inorder Vor telution) sastG-hepten-2-enem(26)) (95 oF tPtrans- 
Peredimethy Loy elopentanom® (SIN h(8:. 9.7) Pand ets-i9e-dime* 


thylcyclopentanol (3la) (297%). 
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miiececranyoroLuran tat 55, Lon 40) (lable Pil, entry 
Zo) sen preformed SOLUTION Of SOdium biphenyl (50 mi ,oL 


Ue ZMesorution) In cetranydrorturan, cooled*to ca. i235" 
was added, dropwise, during 1 hour to a solution of 
Comte Yoel UennOleyo in Onn h Ofretetranydroturan ac 
-35 to -40°. The blue-green reaction mixture was stirred 
POC ordi. 2 NOUrse = At thts point, fan aliquot 
quenched with ammonium chloride showed on glc analysis 
(Communi Ayo) a ratad Ofe Zo to cyclic alconol: 3l tot 

re See iemMrT Keres was ait Owed tO Warmn™ COs oS AT rer 
PeTnOurss, “tt Was -WOrked up ina -maimrer similar to tirat 
adescriped prevrousiy.  “Analysrs by gic, as before, 
snowcC=unreacted ketone: 20 (222), trans alcohol 5ib (70%) 
ers diconod, 3la'(505) 5 .and a fourth; component in,less 
than 5%, which had the same retention time as 6-hepten- 
mOle(S2)(obtzinea from lathiumealuminium hydride: reduc- 


@LOnN- Of 26): 


Reaction between 26 and Sodium Biphenyl (formed in situ) 
in Dimethoxyethane (Table III, entry 6.) 


aes Oe OTN sO re Om Oils aD eye Ot Les) eel Tigel oe ML Oe 
dimethoxyethane + containing 0.92907 (6. 0 mmole) of bapheny J 
andgu.74 2° (0.0 7mmole) sof c=butyl, alcohol was. cooled to 
-AS= Additionso! thin sodium shavings (0.46 20 mg.- 
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colour on the surface of the metal, which was used up 

as it was formed. The mixture was stirred magnetically 
for 6 hours, at which point it turned blue, and no sub- 
Strate was left (by analysis of an aliquot of,the reac- 
CLOn Mixture. as befone).  Wormk-up, according, tothe pro; 
cedume, described previously wafiiorded. trans- (631Lb), and 
Gis (5 hay | o72-dimethyilcyclopentanol, in 7.4 and 56% yield 


respectively as estimated by glc (Column A, 60°). 


Reaction between 6-Hepten-Z-one, (26) and, Sodium, Bapheny1 


(formed in situ) in Tetrahydrofuran in the Presence of 
PapULY, WAL cone) (Table wl ils entry. 3, ..) 

Oud SO lui On Oe biphenyl B00) 46 os 23 Ol mmodwie) © in 
JOsmivor tetrahydrofuran, (at. -35) to.-40°))., was) added 
0.070 g (3.0 mg.-atoms) of sodium shavings, followed 
By a solution of 26, 7(0 112) e041 (Oo mmole), andat-putylval- 
Gonos (0.052) 0.0 1. 1 mmole sing 2amilsot bet ranydrofuran 
ali atl once. Atter (2 shours of, stirring wolc analysis 
(Cobunny Aw oO) Oteanvaliquote Of the weactron mixture 
quenched with ammonium chloride showed a ratio of unreac- 
ted ketone 70. to cyclic alcohol (Si.of, 40:60. | No appre- 
Ciable change was observed after 3 hours. The mixture 
was allowed to warm to 25° and stirred for an additional 
10 hours, during which time it turned blue. Glc analy- 


Sis, as) betore, snowed a ratio, of220 Co Sl Of 52:68. 
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Addition of 0.074 g (1.0 mmole) of t-butyl alcohol to 
the reaction mixture produced no detectable changes in 


Bie hr atitore haZohtoyrs Vea tterit0 45 hour (matailo 434-266 )p. 


Reaction of 6-Hepten-2-one(26) and Sodium Biphenyl (formed 


i Asitu) dinsléetranydroturantin the Presencedof sWaten: 
(hab Te - FDI seentry 14) 

Ansohutron so hebapheny! (0 546.0g; 320 mmoke) sain 10 
nbwot étet rahydrofuran twas icoobedytos-35 to 240%.0tSodium 
Shavings (0.14 g, 6.0 mg.-atoms) were added, immediately 
foblowed thy 626s (0ekbzsg 901 vOemmolhe) yand fwaterd(0.053ig, 
$0 immole) cas .2-soPutioncin Zambktofsetetrahydrofuran. 
Afverh2 hours -ofesitirring; the mixture-became blue.) «It 
was stirred for an additional 5 hours and worked-up as 
described previously in the general work-up procedure. 
Analysis by glc (Column A, 60°) showed 10% of unreacted 
KetonedZ65 214% lofatrans cycle haheohol t3bb pando42% of 
paeecis aleonol 15la-eulraces (less than 5%) of 6-hepten- 


2-01 Wenesans ohpresent : 


Reaction between 6-Hepten-2-one (26) and Sodium Biphenyl 


[rOrmed in situ), an Dimethoxyethane. (lable Ill entry 5) 
TO,a" SOLUGLOM Of biphenyl” (0. 46a, "5.0 mmole) yin, 10 


Mi wot *dimethoxyethane (at-=-35 to -40°), was added’ succes- 


Sively 0.14 g (6.0 mg.-atoms) of sodium shavings, and 
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0.112 g (1.0 mmole) of 26. After 1 hour, the mixture 
became blue in colour. Analysis of an aliquot (quenched 
with ammonium chloride solution) indicated a ratio of 
unreacted ketone 26 to cyclic alcohol 31 of 56:44 (by 
PAcyNeolumntAmo0” ) si BAfter’ an. additional’ 3. hotrseand 
/enours of Stirring, the’ ratio was estimated asr44%56 
andeS0" /0Y respectively! iWaterr (0.0532¢ ,°310) mmole) ‘was 
added and after a period of 0.75 hour the substrate was 
completely consumed (by glc analysis of an aliquot of 
the weactionimixture~asmbetore).trWork-up ofithe reac- 
tion mixture as described previously, afforded a yield 
of isomeric 1,2-dimethylcyclopentanols of 12% and 63% 
Hecs the trans-isomer (Sib) and) the.cas-asomer® (3i¢) 


respectively, as estimated by glc (Column A, 60°). 


Reaction between 6-Hepten-2-one (26) and Sodium Biphenyl 


(formed in situ) in Dimethoxyethane in the Presence of 
Water.0n (Tablecn Il wentry- 7) 

Sodium shavings (0.35¢g,, 15 mg.-atoms) were added 
to a soluticnlot® biphenyls (1.16 A975 mmole jain 450ml of 
dimethoxyethane,*cooled at’-35 to ?-40°. ©The blue colour 
ers the: radicate anion: appeared: onvche. surfaces ofe thet metal. 
Innediatrely thereatterva Solacronvom2oy (07280 BS 2s 
mmole) and water (0.055 g, 3.0 mmole) in dimethoxyethane 
was added, dropwise, during 1 hour. The mixture was 


Starredl for an, additionaled,Sivhours ate which time 
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tne bbuey colour of sthe radical anions appeared and*per- 
sisted. The mixture was worked up as described previous- 
ty. *Glevanalysis (Columns A, 60> )ushowedsa yield, of 
transi) 2-damethylcyedopentanol, (alb).ot 20% and avyield 
Dee eiemers- isomer. (51a) Bom 2 5.8 the alcohols: were se- 
Pateted by spmepavacuves ol ce (Columiuel) 125°). ) Transady 2- 
dimethyteyclopentanel) (3l bier wre (hiquidsfilm) 5. 3450 (bon- 
ded OH), 915 cm 2 (CyeliCrGerevary= alconol J aninr <>. 0, 

OF Saw) Sirs = 7. CPSs) CHCH, Weber WS 15) CH.C-OH, di oie 
Zi 2 ae al) -(CH,) 2C -3; mass spectrum m/e: 114 M”, 

miso, oo d1megiy cy clopentanolatola sir. (liquid fidm): 


ib 


S45 0m pondcuhOH) 91S cm (cyclic tertiary alcohol): 


Hn Ge mono (7 (CCN O di eC DS.) CHCH, Ls Owel Sie 255) 
Se OR eee ge) (CH Ch nize OaWexct. whys 50) 


(be 115 
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Of mMass, Specurum m/e.) 9114 M; n Doe aa iste. 
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Reaction between 6-Methyl-6-hepten-2-one (27) and 


sodium Biphenyl (formed in situ) in the Presence of Water. 
Asoo luton sot a) 5200602 5 ammote mot e7 /candi. 05 9.9 

(3.0 mmole) of water in dimethoxyethane was added to 

iO ce (7. Si ammole)s of biphenyl sand 0.455: ¢4(15 mg.-atoms) 

of sodium shavings in 50 ml of dimethoxyethane as des- 

cribed in the preceding experiment. The reaction mixture 
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Stirring analysis. Ot anealiquot of thesreaction muexture 
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(quenched with ammonium chloride solution) indicated ca. 
Duc Unkeacred substrate (by glcseColumn C, 1057)” The 
mixture was allowed to warm to 25° and then worked up 
after, io MOurs as descriped previously. 7 Analysis” Dy 
elle, aS Devore, Showed four. components (in order of 
elucron)., a uuredc ted Ketone .2/ (<5 4); 1S0OMeric 13” 
dimethylcyclohexanol (34 a and b)(<1%), and~6-methyl- 
Gaiep en 72-01 (35) G(-o0), the Structure assrenments 
Were Dased on gle peak enhancement of the respective 
component with authentic isomeric 1,3-dimethylcyclohexa- 
nol (prepared by the reaction of methylmagnesium iodide 
with 3-methylcyclohexanone) and authentic 35 (prepared 


Dyyreduction Of 2/7 with Jithium aluminium hydride.) 


Reaction on o-Methy lo -nepuen-2-one (2/7) with reformed 
Sodium Biphenyl. 


A. Water ds proton cource. AN solution of 27% ((0%-1 
(OV126 “ol mmole). and water =(0.0535° om 5.0 mmole) “in 
5 ml of dimethoxyethane was added dropwise to a solution 
Of esodium Dipienyl (lOrml of va 0. 6M solution) in dimetho- 
xyethane cooled to -35 to -40°.° After stirring GOT cat 
additional 1 hour, the mixture was worked up as described 
Previously. Analysis by; gic (Column C, 05° and-140~ ) 
Showed an estimated yield of unreacted ketone 27 of 40% 


aideameracew amount (i) aot O-metnyl-O-hepren-2-o1.,(55). 
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Ben Writer mbcohodsy as.jprnoton, Sounce.77 A solution 
Orin Zihiyul Onela2Ob Pi vend tbl4 mote) \aridyiie butyl alcohols (0.22 2, 


3.0 mmole) in 5 ml of dimethoxyethane was added dropwi- 

se to a preformed solution of sodium biphenyl in dime- 
thoxvethanes ate Otoe 5’ (0p md. off @ WaSM s olatea oni)x 

After 5 hours of additional stirring, the mixture afforded 
dmestimated. lc. yield. of, unreacted, ketone, 27 of 

494.and. a trace amount’(<5%) of 6-methyl-6-hepten-2-01 


(35). 


Reaction between 6-Methyl-6-hepten-2-one (27) and Sodium 


Baphenyl; Dacyelohexy1-18-erownr 6% 


Sodium) {04.0585 ¢ (1. 6imeicatoms), biphenylwd(0s46n¢, 


3.8 mmole), andywpurigied Mae 


dicycdohexy lai 8-crown -6 
(0.614°¢, 1.6 mmole), were mixed in) 150ml) of*dimethoxy= 
efhane.and/(stirxedsfeor (Gqghounsy below 10°.. Addition of 
Zia Umr2 Ose lel anmole) cand v-buty) ja Lcohol/4( 0.42.2) 8 

3.0 mmole) to the cold sodium biphenyl solution (0 to 
-5°), as described in the previous experiment gave, 
after 1.5 hours, a colourless mixture which contained 

on glc analysis (Column C, 105° and 140°) a trace amount 
(<1%) of a new component with retention time in the sam- 
plesexpected for-L}2,2-trimethyicychepentiand] 1(33) 4% 36% 


of unreactedpketone )2Ahoand héess;thanrS% nof fo7methyl-6 - 


hepten 2 01 1 §3,5,)-. 
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Reaction between 6-Methyl-6-hepten-2-one (27) and 
Sodium Trimesitylboron-Dicyclohexy1l-18-crown-6. 


Sodiumeshavingsai(03 0389.5 le Gemgs-atoms), trime=- 


Sitylboron (0.55 g, 1.5 mmole), and purified ae 


dhey = 
clohexyl-18-crown-6 (0.614 g, 1.6 mmole) were mixed in 
15° mle of dimethoxyethane’ and stirred for 3 hours. below 
20fnan hes darktib lueris olutdont was, .cooded, to 0, to-52 , 
endl tans olution of 2ivse(0f1i26p ganda mmole) and..¢-buty) 
alcohol (0.22g,, 3.0 mmole) in dimethoxyethane was ad- 
dedLe-Attewis tiring! forw).5 hous ,ino,appreciable 
amount. cot-“sitantung ketoney2 7* had),been iconsumed ., ;-The 
reaction mixture was warmed to 25° and stirred for an 
additional 16 hours. Analysis by glc , after work-up 
as before, showed an estimated yield of unreacted ke- 


CONeINZ Lor R28 e6Columm iis 05,4) andaef.6-me thyl6-hep- 


Gem 2i-0 Ip( 35 ino 252% 1¢ColumnisGy,, 140%).. 


Reaction ibetween (6-methy 176 shepten=2- one ¢ (27) and Lithium 


Trimes1 tyilb oon. 

Atso luton ote2 bh (0)..65 ac, 330 mnolejein 20 sml of 
dimethoxyethane was added dropwise, during 25 minutes, 
to a 0.1M solution of lithium trimesitylboron (150 ml) 
cooled sat -00to 15, to wwhach had been added? 1.11).¢° (15 
mmole) of t-butyl alcohol. After stirring for an addi- 


tional 30 minutes, the mixture was quenched by the 
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addition of saturated ammonium chloride solution. A 

gas was slowly evolved as the blue colour disappeared. 
The work-up was continued as in the previously described 
general procedure. Trimesitylboron was recovered 


7 i106ub-tonas?). 


duantitativeiy (5753 biyip 195-uO7Saclic. 
A pale yellow oil was obtained which contained two 
components which were separated by preparative glc 
(Column Dpub40°) ohoThevfirst tcomponent }.0152 )2-trimethyl - 
cyclopentanol (33) was obtained as a low melting solid, 
Mmpd2sr222, in. GPiquid kfidimyp: 6©3450¢ (bonded (OH) ptEa 70.5 
1460 (gem-dimethyl), 915 cm + (eyelic ‘tertiary alcohol); 
Myr shCo (COS UMGs } 5). 7908 toy 3) (CH2),C, TEES @StOUs) 


GuzGs0rnpdl kT ofexch. Iby,0) OFPer. S>uBI0 0m} 18) 2-(ez5) 5; 


5 
mass spectrum m/e: 128 M’. The second component, 
o=methy l-6-=hepten-2-0l es) Was obtained eas \a colourless 
eqwid:, (i291 Giingii.d LELIm ) wees 560ic (bonded 10H). .¥3080 2 T1LeS0., 
890 cm 2 (G=0H)) fenminteds ils. Uau(dyespains Gxpeepsyprcz cH, 
Weeduene Led “(ine 643) -(CH,)5-, Deia2: 4GSEe 3s) CHAC=, PISS eo eed aie 
by D0) Gin S£7 thbr Eves) ehe 6246-7) ic ps fr oOh-Ol ped tsin Con 


Sy. 2) Gar mass spectrum m/e: 128 M. The yrebds rot 


ws 
DS anc Sp twexe ces timated byagl Caged kumn aig: LOSP Zand 140°) 


as 47 and 48 % respectively. 


Reac tiomiok 6-Methyli6-hepten- 2-oneig(2 7 with. Wothaum 


Metahg andemeButyl Arcola - 
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Ajmrxture lof ihithigam metal (05043.dg jn605 emg ervatoms ) 
and exbutyk e@leohol » (Q4ahS se. .2. Timmole) pin 10emkcok dime- 
thoxyethane was cooled to 0 to -5°. To this was added 
0.063 g-(0.5 mmole) of 27 in 4 ml of dimethoxyethane. 
After stirring for 2 hours, the unreacted lithium metal 
was carefully destroyed by slowly adding a saturated 
ammoniumochloridé, solutions gthe-kayemsjewetnehseparated, 
and the aqueous phase was extracted with ether. The 
combined organic phases were washed with brine solution, 
and dried (Na,SO,). Removal of the solvent (rotary evap- 
orator) afforded 0.07 g of a pale yellow oil. Analysis 
by gle (Column C, 105 and 140°) showed a trace amount of 
unreacted ketone 2Ziq(q lt) fyattrnace anoumt of 71 {2 j,2utri- 
methylcyohopentanol (35) (<1) 9 \anda97% of (6-methy] =6- 
hepten-Z70oh (35)% (4 sample of 35m.scl ated thy spreparati- 
ve gle (Column D, 140°) was spectroscopically identical 


to the material isolated in the preceding experiment. 


Preparation jot suhe uthy lenemketd heofes ByonGg72apentanone. 


awicetobutyrolactone (105 g,.0.8 mole) (prepared 


by othe eme tod «of eZurdema., «van Tame Lensvand «van ZyAsno 


from ethylacetoacetate and ethylene oxide) was dissolved 
im «250i dm of pacettewadid andaheated sto: J0-ASAe. Hydro- 
gen bromide was slowly passed through the hot solution 


dunime Ayhouns «facecording gto «the method,of ;W.R. poem 
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The dark red solution was cooled, poured into water, 

and extracted with mopentane. . Thevorganicextracts 

were washed successively with saturated sodium bicar- 
Donace solugion, and brinensor.ution.. then dried (Na,SO,). 
After removal of the solvent (rotary evaporator), the 
crude residue was dissolved in benzene (150 ml). Ethyl- 
ene sgiy col Woo ec) andy0. 1 gor p-toluenesulphonic acid 
were added. The mixture was heated under azeotropic 
removal of water for 18 hours. The benzene solvent was 
partially distilled.) lheyconcentrate was shaken, wath 
solid sodium carbonate, and fractionally distilled. 

In that manner, 54 g (31%) of bromo ketal were obtained 
as aupalewy.cd low wiaquid, bpve/-90r (Cienmm). ta Claquad 
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Preparation of 6-Heptyn-2-one (Ze eee 


Freshly distilled dimethylsulfoxide (50 ml) was 
heated with 0.10 mole of sodium hydride (52% 01] dasper- 
S10) at /05'to 73 until hydrogen_evolution was ‘complete. 
To the +esultine mixture, 50 ml of aay ywuetrahydrofuran 
was added along with 0.5 g of triphenylmethane. Acetyl- 
ene gas was passed through the mixture until the red 


colour of the trityl carbanion disappeared. A white 
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Suspension was obtained. A. solution of the ethylene ke- 
bolo OPS bRoMmo-2-pentanone), prepared previously, (21.9, 
Vw amolesjcin 20 mi, of tetrahydrofuran was added drop-/ 
Waccmiteccn sdUrLIne Mi nOUraWwatn “Starring. | After (1S -hours 
at 25°, water was added, and the mixture was extracted 
With n-pentane: The organic’ extracts were washed with 


brine solution, dried (Na S04) and concentrated (rotary 


2 
evoRorat Gm). s-lieowres vaue mw ebo. on oi lary (lrquid )£1.1m)e 


1 


eo00nm2l20uem # (C=C 7H) |) was hydrolysed jin’ 50° ml ‘of 


aqueous methanol (1:1 by volume) containing one drop,.of 


hydrochloric acid, according to the method of Stork and 
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coworkers. After heating below reflux for 1.5 hours, 


the solution was cooled and extracted with n-pentane. 
The organic extracts were washed with brine, dried (Na,SO,), 


anders tiMibed = hwO-neptynae-Onem (26) 6 25 oo 659%) was 


obtained as a colourless liquid, bp 83-84° (43 mm) hima. 
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(C=C-H) ; TUG ae Ole a(S, lS) CHzC=0, 


S2ie eo 8 C4 Tam) |e. 1 
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eas OUR Lia ekdua de takin jie | 71S. (C=O), 
5005e 21 20mem. 
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C=O ol poage cycle (Mees, ) CHCH C 3; mass spectrum m/e: 


CH ; 


2 
110 M 


Preparation of 6-Octyn-2-one ou ee ae 


AsSOlUG TON Containinge0,;055amole of dimsyl usodium 
in 50 ml of dimethylsulfoxide and 50 ml of tetrahydro- 


furan was prepared in the same manner as described above 
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Pron 00s semole OL SOdLUMenydyide. ) Ihe Mixture Was 
cooled 10e2>5 and 0-l)¢ of triphenylmethane was added 
as indicator. Propyne was passed through the mixture 
Unt the, red. colour, disappeared. to the grayish-white 
slurry was then added a solution of 6.30 g (0.030 mole) 
Of the ethylene ketal of 5-bromo-2-pentanone, dropwise, 
durineeoU Minules, aktter starring tor S hours at 25° , 
the mixture was worked up as described previously for 
O-heptyn-2-one. The reaction afforded 1.07¥g (29%) of 


Zo as a colourless Tiquid, bp 69.5°,°(6.5.mm) eg 
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CeO ements UO el On tS, 151) CH,C=0, LS CUMS say 2a D 
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Paar Onmmyi|; Maso 4oot dt (ttqurd) tiimi). ly fomcm: 


eps) €#-C=CCH>#. 2-48 (t, 2, J°= 0.5écps)-CH, CH C=O, 
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C=; mass spectrum m/e: 124 M 


Hed 


Peace 204. (ms 4) CH CR 
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Reaction between O-Heptyn-2-one (Zo), and Sodium Biphe- 
My (POrmed 11 situ). Preparation of l-Methy1l-2=methyl- 
enecyclopentanol (37). 

em Ssolucrom of 28 (2.20 ¢, 20 mmole)” and water 
(0.72 g, 43 mmole) in 10 ml of dimethoxyethane was added 
durang 25 manutes tO a mixture..of sodium shavings (2./6 g¢, 
1Z0 mg.-atoms) and biphenyl (9.24°g, 60 mmole) in 150 ml 
Of Idtmethoxyethane cooled at -35 to -40°. The blue 
colour of the radical anion, which formed at the surface 


of the metal was immediately consumed as it went into 
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SOLUGLON en cAf ter +Sstirring,fo0re4.5+hours; .the)mixture 
tumned blues, dAfter,l5imanutes ofgadditional stirrings, 
the reaction mixture was worked up in the manner des- 
cribed in the general work-up procedure. Analysis by 
glc (Column B, 105°) showed an estimated 83% yield of 
BRGdUCEnS 7 chsolationgprocedure: afforded j4.66<¢ 08 4a 
éLoudy+oLl which upon. fractronal .,distillation,gavéec]l.2 ¢g 


(58s) elamethyl-2-methylenecyclopentanol. (37) as a co- 


20 
D 


ir (liquid film): 3390 (bonded OH), 3080, 1660, 900 


TOumhe SS eit quid Dp 4g S060) 9010.5 am) on On ies 
(C=CH,), 920 cm + (cyclic tertiary akcohotl) symm: 6 
Psd “(335653 CHC-OH, hae 22 30 omy 4) “(CH5)5, Lee 


29507 2) FEH5Ce 742.680 (exch by D0) OH; mass spectrum 


Z 
m/e(relative intensity): 112(3) M", OAGZ SY 9405 (ie9 14C19') 
LOLOO) HZ Hh449145 (235) 041 (21) 39 CoA otAnal.»eCaled...for 
C5H,,0: C, 74.95; H, 10.78. Found: C, 74.66; H, 10.73. 
Reaction between 6-Octyn-2-one (29) and Sodium Biphenyl 
(formed in situ). 

AnSOUMELON {Of 29660 e124 e045 gl, Oymmole) and water 
(0.042 g, 2.2 mmole) in dimethoxyethane was added to a 
mixture of sodium shavings (0.14 g, 6.0 mg.-atoms) and 
biphenyl (0.46 g, 3.0 mmole) in 15 ml of dimethoxyethane 
With S&irrimngj;at =559to7-40°. ~sAfter 5,hours,aglc-analy- 
Sts atGolumn 3G, .130° 3 anjector .temperatureo.135° ) sofsan 


aliquot (quenched with ammonium chloride solution) showed 


oh a 


wane a Zs vai hie ' > 


ee 


Pays ; Bhan! re a3 Hid ah Ay ye 
al clewanhy. as a as Do ey Ge 


19 State res ~~ 


“09 8 25 w Loni snadoxsyoemelgh 43 Sit 7 re cane 
:TeORL Oe am zvGt) 0.08 «2, en qs a i 
one . «0001, 0808 ogo. babaod). pee EERE biupit) a ae 
& Same ‘p@bodoats Merona abt) ay am ose GHD 
a eee ieee Cb my 0.8 = YE <ti0- 2589 4&. ee 7 
au 7e5es azemt 789 (0, gf “di. loxe) a8. : " =~ 3 coe as a 
(er fe (vEpee (89) te 6 @datt :(esianedat avteater 
yo? .bakgD | head (SE) CE. (is). ceayer (BRITT ache 
EN OE ot 180.08, ty paw BY, OF, aa aac eee, “2 Pex 


‘Bement a) mustboe ips ). ono! 


baa ‘eceaae vas 0. o ww pie 
paola a I igh hia 


95 


the presence of three components other than biphenyl and 
TeEGUctI On, products Of Diphenyl. “Work-up, as described 
before, yielded a product mixture which contained (by 
PIC ras berers) dpproximacely (Lo. wt 2-ethy lidene l= 
methyl cyclopentanol (39a), 62 of Unveacted Kevone 29, 
and a third component which was tentatively assigned 

thems rUctune -0O-Octyn=7-o01 “(5oJoon, the Dasas Of its 


ple behaviour. 


Reaction of 6-Octyn-2-one (29) with Sodium Biphenyl 


(preformed). 
mesolutron of ZOy(0.247o" 10 mmole) and ¢-butyl 


alcohol’ (0. V6r¢. 212 mole) ans ml .of dimethoxyethane 
Was-sacdcaed) (during _15 min.) tova.sobution (025M) sof 
sodium biphenyl (15 ml) in dimethoxyethane at 0 to -5S°. 
PUELCY Oa stirring period of 1 hour, the reaction mixture 
cConvaineds by ore =(COLunnmmen ehoO, Inrectur temperature , 
135°) analysis of an aliquot (quenched with ammonium 
chloride solution) only atrace, amount von cyclized product 


39, along with 81% unreacted substrate. 


Reaction vetween O7OCtyYN-2-one: (29) sand -codium ‘Lrimesity |- 


boron. 
Desonutton Of 29. (0el24 eo lO mmole) and ¢-butyl] 
alcohol (0.16 g, 2.2 mmole) in 5 ml of dimethoxyethane 


was added , dropwise, during 15 minutes to a 0.1M solution 
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(30 ml) of sodium trimesitylboron in dimethoxyethane at 
O REO --5 Nake nee nr oo houps,,sthe starting ketone, 29. was 
completely consumed. Analysis by glc (Column C, 130°; 
inj ector temperature ,1135°).,.after work-up,.as, described 
previously, showed two main components: 2-ethylidene-1- 
methyl.cyeLopentanol +394), jiu a,yield of .30%. .and6-octyn- 
2468 §33),5 yhreatment saccording,to ;the general isolation 
procedure jdescrived previous Ly .wielded 0.25 ¢ of a clou- 
dy yellow oil, which consisted by nmr ae two major pro- 
ducts in approximately equal amounts 39a gand,.38. 
Nnga(ot ptire jcnudesreaction product).¢«.4 1:25) ¢s, +3) 


GisG-OH gwl«5/ sd ao fet. 4l4=oiicpse sand, isa cps) CH CH= 


3 


14 ed *Orets)) oe vLeeps eandelsbdseps) GHGH=CGH 1,08 


3 2? 
CIM Se) 2075 Gus) PCAGU2OH, boihalt. 3.9% go2-8 ces) 


CH .C=C-CH 


: piss-34§-3.8 5004 1) CH 


pcE-OH. 


Reactnon between so70ctyn-Zsone (29), and,Lithium Trime- 


Sitylboron, 

N7SOlupionse o£ "29 (0% 5072542. 4unmole) nin. 10.mliof 
dimethoxyethane, was added, dropwise, during 30 minutes, 
£04230. LMasolution (7Semi1.) of;lithium.trimesitylboron 
in dimethoxyethane cooled to -5 to -10°, to which had 
beens,added 0:53.g. (7.2.mmole).of, drbutyl,alcohol., After 
e0mpleteqaddition,~the,acetylenie ketone.29ywasyalmost 
completely consumed. The dark blue solution was stirred 


for an additional 20 minutes and then worked up in the 
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manner described previously. Analysis by glc (Column C, 
130°; injector temperature, 135°) showed three components: 
the first (immediately following the solvent) was due 

to decomposition of the product(s); the second, estimated, 
as07864iwasnitheuantisisomer: 39ayofo2-ethylidene-1-methyl- 
cyclopentanol, and the third component was 6-octyn-2-ol 
058) Micnghretention time) cliUpondisdolat tony t297<g tof 
trimesitylboron (quantitative recovery) and 0.45 g of a 
yellowish residue were obtained. Molecular distilla- 
EiOnwj)of Oasorgcoipthendil 44 )502537) (Bath).0€9 om) 9 ogave 
OL147¢o (382) tor (product (as.ja Scolourtbessliduid> ir? (fis 
quidrt abmi¢es380 4(bondéed<0H)%! 3050151675 51840. (C=CH) , 

9b5 cmt (eyGlieStertiary talcohob);. Anal. ) Calcd. for 
CoH, 0: Gee Die, i piel 2S ea Ound (sa Gs. (roe O Hy Lead. 
Nutpanalysiiset & ts lse(dcisn=so0echsy irradiation at 

3.69 caused collapse of the doublet into a singlet) 
CHC-OH; hes OBandalo7 7 LU CadnoL at, @JiG= M7 yeps, and ies céps’; 
irradiation at 5.41 caused the collapse of the doublet 

of triplet into two'sharp’ multiplets) CHCH=C(syn and 


anti) ont. dL i (e,oF =-265 veps) CHC C-CH 5.221 #46; BA (two 


2? 
pantlyeoverlap ping sq WoOLNt slrrEtadpation "aval..58 caused 


the collapse intosassinglet ato5.43) CH CH=C-CH, (syn 


3 


and anti )#ivintegrationvof (the, methyl groups ratitlr)3, 
FSA4 Piamndi1 236 tiindpeated ta relative mati cof S98 ReV4. 
On addition of one equivalent of Eu(fod) "°°, the 


assignment was as follows: 6 2.35 (d, irradiation at 
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9775 gavepargsine ret),, 9. 75 5 (broad quartet, qi rradiation 
at «2 55 yoave na -brodd»,singLet).; Ad. Foadd puinnadiation ‘at 
7905 -gave yaysinglet). « The. velLative .assignments -are.,re- 
ported in Table IV. The major components was assigned 
the anti-configuration of 2-ethylidene-1-methylcyclopen- 
tanol (39a); the minor components were the syn-isomer 
pab peand athe yreduced aliveycliciproduct.,6>0cty.n<2 701), 6358 ) « 
Mass, Spectrum ot eornude sproduct rugle@rpiniety.Colum Gy 70 
to 170°, injector temperature 200°) m/e(relative inten- 
sity): major component (39a) 126(1) M, 108(38) 93(100) 
OES] Vales nA? (58) 05 Ub2) 251 (11) SS(i4) 41(16) 39 (50); 
minor component (38) 126(<1) M”, 93¢5,0)), 48.5° 65:0): 6.7 (5120 


O6(7 3) 545 (100 )..43.663), 41650); 39°(50,) 2 


BrepanatLton of 75, ,07Heptadien=2 30ne,, (50). 
The allenic ketone 30 was prepared by a modifica- 


tion of the method.of Crandall -and Mayer 


The ethyl- 
ene ketal of «-S-=hexen-2-one was prepared.by, ;treating ,9.7-~-¢ 
(1.0 mole) of 5-hexen-2-one with 62.¢g of ethylene gly- 
Goljsand Osh ¢ .0f jp stoluenesulphonie pacud yin .20 0pm jof 
benzene for 5 hours with azeotropic removal of hens. 

The solution was shaken with solid potassium carbonate, 
and the solvent was removed at, atmospheric pressure. 
ErnacGiona lidi sti.) Lationson therconcentrate atormded,L46, .¢ 
(83%) of the ethylene ketal, bp 93-94° (75 mm) fl as 
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Bromoform (126 g, 0.5 mole) was added dropwise to 
ayclULry Or potassium P-bucoxides (MSAy Résearch®. corp ? ) 
(77 g, 0.7 mole) and a solution of the above ethylene 
Fetalm( ire 40 tormobe) in" 200°ml Of n-péentane.at—0- 
during sl. 5ehours.. “slhnemexture was allowed’ to, stir ‘at 
25° for 18 hours. Water was added and the mixture 
extracted with ether. The organic extracts were washed 


with brine solution and dried (Na SO,)- Removal of. the 


2 
sO.vent..and-distitlation.attorded..53-¢—(34.%.)—0£.d1D.1o0mo - 


106 101- 


SCALE caGdUGtnee pel 02 15=103.5° 00.09% mm) [1it. 
TOD 0.2 oe min) | 

To an ether solution of the dibromocarbene adduct 
Con. tee 0. mo be) tne bU0 minor. solvent was, aaded, .arop- 
Wise, 140 ml of ?170M methyllithium solution’ at” +65°* over 
lies hour stl? The mixture was allowed to warm to ca -30° 
and water was added cautiously to destroy any excess 
methyllithium. The layers were separated and the aqueous 
layer was extracted with ether. The organic phase was 
dried (Na,SO, ) and-GOnceni rated (rotary evaporator)! . ihe 
crude allene ketal (19.39) was hydrolysed in 100 ml of 
aqueous methanol (lvl by volume) "Containing one drop of 
hydrochloric acid, according to the method of Stork and 


Pecorkerek 


After heating near refiuxforl.5s— hours; 
the solucrenewas extracted with n-pentane. After -drying 
(Na,SO,), and removal of the solvent, the crude product 


THUS OvCarned. was (dtotitled, ~ 5 .0-Heptadien-2-One: (50) 
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Wisc ODLalnedmas do eCOlOUrIESS Aauddu(9 115 Jo. 18.3%) bp 


Beeso° (ligumi [lati ) . o42e7o0 cis am) |. na dole 
ir (liquid film): 1715 (C=0), 1950, 850 cm” (CH=C=CH,); 
Hi 6010) css 3) CH,C=0, 1.6 - 2.7 (m, 4) CH,CH,C-, 


ee meee Oe M5) -CH=C=CH, ; mass spectrum m/e: 110 M”. 
The keto-allene was shown to be 100% pure by glc (Column 


Spa ian 


Reaculon On 0, 07-neptadien=2-One, (50); with Sodium Biphe- 


Mie COrmed. 17) 5b) 
BeSsOlUt ion. on 50) (00-11; 2g; 1.0 mmole) rand water, 


(0.076 g, 2.0 mmole) in 5 ml of.dimethoxyethane was 
added, dropwise, during 45 minutes to a mixture of sodium 
Saving se (0.14 0.5620 me. atoms) and Dbiphenys (0.46. ¢, 
3.0 mmole) in 10 ml of dimethoxyethane at -35 to -40°. 
During the addition, the mixture tecame yellow.. The 
Peace ri On mixture, was stirred tor an additional: | hour 

at which time it turned blue, and all the substrate was 
Consumed, Work up, "as before. ‘and olc analysis of the 
reaction product (Column B, 105°) showed 15% 1-methyl- 


2Z-Methylenecyclopentanole(3/)jas the only product. 


Reaction between 5,6-Heptadien-2-one (30) and Preformed 
Sodium Biphenyl. 
Pe sOLit On Oe soem liivc  ) Oommobe) sands water 


(0.076 g, 2.0 mmole) in dimethoxyethane was added to 
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a solution of sodium biphenyl (prepared from 0.462 g 
(3:0 mmole) of biphenyl and 0.138 g (6.0 mg.-atoms) 
of sodium shavings in dimethoxyethane:tetrahydrofuran 
(Somlm2 mL) for )6 ehourseat 257) aatid-7AO°o etakfter the 
addition was complete (5 min.) all the keto-allene 30 
was consumed. Work-up as before and glc analysis 
(Column B, 105°) showed a 51% yield of 1-methyl-2- 


methylenecyclopentanol (37). 


Reaction between 5,6-Heptadien-2-one (30) and Sodium 


Trimesitylboron. 

Withiwater at 235 (to,-40° 30 Amsobution lofms00 0.11 
g,%L:0°mmole) sand water: (0.076 ¢, 2.0 mmole) in dimetho- 
xyethane was added to 25 ml of 0.1M solution of sodium 
trimesitylboron in dimethoxyethane at -35 to -40°. 
AGternZ Hours, (gle analysis (Golumn B1c¢b05?) offanrati- 
quot quenched with ammonium chloride solution showed a 
ratio Bofiketo-alvene 30ntoheyclizedhproductyc3ipohtoo2l0. 
The }s@tutronewas warnedtslowly .toteaialdoy aAfterczs omin- 
utes, analysis by gic as before showed unreacted keto- 
alléene (60amniless¥thaneS¢eand eyclizedsproducte37 rinis0%. 

With water at 0°. The above reaction was repeated 
atVOstOS=52CCUAPGET Stirring £or0l .5 /hourstianalysistby 
glé,cas tbetore}eshowed unreactedeketosalbeney 301 (16% )eand 
eyclizedipnoduct-Ss7p( 52% J: 


With ¢-butyl alcohol at 25°. The above reaction was 
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repeated using ¢c-butyl~atcohol (0.148 ¢, 2.0 mmole) 
instead, Otewacer y= and -uoine thewadartron at 25.1 “After 
$0 minutes, ‘analysis of the reaction mixture by glc 
(Column B, 105°) as before revealed no starting material 
and a 59% yield of cyclized product, 1-methyl-2-methyl- 
enecyclopentanol (37).: In the same manner, when 0.74 g 
LLO.dnmole ) (om t-butyl alcohol was, wused..in thath reaction, 


a 54% yield of 37 was obtained. 


Reaction between 5,6-Heptadien-2-one (30) and Sodium 
Trimesitylboron at -S°. 

PecOl ter On sO te50 lois pee lOunmole wean! 20 omleor 
dimethoxyethane was added, dropwise, during 20 minutes 
to a solution of sodium trimesitylboron in dimethoxy- 
ethane (240ml of 10.1M solution) cooled ‘at; =S° “and. con= 
taining 7.4 g (0.1 mole) of t-butyl alcohol. After 6 
hours, the reaction was complete. Analysis by glc (Co- 
lumn B, 105°) showed 1-methyl-2-methylenecyclopentanol 
(37). as the. only product (74%). Isolation as. described 
in the general procedure afforded 8.6 g of trimesityl- 
boron (quantitative recovery) and an oily cloudy residue 
(Zio) cecalplespUnunledmbvepreparativesolc (Column Dy 
1107) attorded pure cyclic alcohol 37 identical. spectros 
copically to the material obtained previously from the 
Cy ClaZatvon on 6-heptyn=2-ones (28)... (Preparative ¢lc.at 


150° yielded partially decomposed material. 
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THE SYNTHESIS OF a-HALOKETONES 
INTRODUCTION 


a-Haloketones undergo a variety of transformations 
which make them valuable precursors in many synthetic 
processes. —Ihey, are used.in the preparation of carb— 
oxylic acids (in the Favorsky rearrangement) !2° and in 
the stereoselective synthesis of olefins (Cornforth)!?+ 


assmliustrated ina the rollowing examples. (eqSt5o5 and 36) 


0 0 
Br NaOCH, CH. 
—— 
CH, CH, (35) 
el Py ay eR EX or (Rab Pewee CH Ayo sy Lye 
an PS aac _Base_ 
gr 0 R' OH 
(36) 
Hy, vk" 1) Nal, NaOAc pth an 
R™ ~~ “cH,  HOAc, EtCOOH Re \CH 


Z4) snCl,, pyr. 


Sy POGte 


Because of their bifunctionality, they are useful 


as intermediates in the preparation of simple heterocy- 


cles (furans, and pyrroles).122 


One of their more general applications has been in 


the preparation of a,f-unsaturated ketones (eq. iu 
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‘Staadner ‘debe ta’ 20 ; ecelstannya: sutszotonoarene on) 
(ett brs ee et creed nerbwo tt i a homo ey 
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via halogenation of a ketone, followed by dehydrohalogena- 


TOT, 


O 
|e ak Collidine or | 


CH, 
Gin LiCl in HCON(CH,), beg (37) 


More recent uses of a-haloketones have been demonstrated 
by H.C. Brown and coworkers in their reaction with organo- 


boranes to yield alkylated ketones, where the halogen has 


been Substituted by anvalkyi, group (eq. a a and by 
La O 
CH ( GHsB Cs CH é cut] 
 GcheRe oe (ta 
2 4 Base, THE 2 A (38) 


where CB = DS: 


Dubois and coworkers in their reaction with lithium cu- 
prates (eq. 39) in a synthesis of hindered heron 


fot (CH,) ,CuLi -aEe 


(CH.,)5CHCH-C-CH(CH,), 52 (CH; CHCH-C-CH (CH), 
G52 
the, most “direct approach (to the spreparation of 
o-haloketones pnvolves the halogenation of. the, corre- 
sponding ketone with a suitable halogenating agents seo! 


The halogen enters one of the positions alpha to the 


carbonyl. (eq. 40) 


co 
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Chlorination can be brought about with elemental 


126,027 25" and.also (but less 


129 


chlorine, sulphury 1, chlorides 


effectively) with N,N-dichloro-5,5-dimethylhydantoin, 


130 ana awcOMmbanatd On. Ot. Léeadt-tetra- 


boll 


selenium oxychloride, 


Similarly, elemental bro- 


N-bromosuccinimide aBsiar, 


127 4152 


acetate; and. acetyl, chloxyide,. 


NAat) 


mine, NO N-dibromo-5,5-dime- 


thylhydantoin, 


xane 199 and pyridine 


and bromine complexes (such as dio- 
Pe dibromides) effect bromination. 
halegenation, can be accomplished under free-radical 


Conditions (using tight, peroxides ‘and other tree-radical 


initiators)+¢/ (eq. ayes as well as ionic conditions. 
O 
I Ciel I A 
eeetien ef uss: (41) 
light 


80% 
FOr itnenlatter, the reactions usually catalysed, by 
acids (by the use of an acid as solvent, usually acetic 


acid) (eq. 42).-°° 


ic may also bewsela-catalysed; since, 
when a neutral solvent is used (such as carbon tetrachlo- 
ride or chloroform), after an initial induction period, 


some hydrogen halide is generated in the reaction mixture. 


O 
T Br, I 
Br C—CH, _——————+ Br —CH, Br 
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When the substrate has only one available alpha 
pesadtioni(eq. 42) {eoriis alisymmetricadsketoné:: (eq: 241)5 
good yields of the monohalogenated ketone can be obtained. 
However, polyhalogenation often results, especially in 
the ‘chlorination of acyclic Ketones’ (eq. 43), which limits 


the application of £nis method. 1379128 


O Ci 
Il S0,C1, | lI 
CHZCH>CCHSCH, we CHZCH CCH>CH, + 

15% 

(43) 

ie bh ial 
CHZCH-C-CHCH, + SR he Cah 
Gal 
20% 58% 


In the halogenation of unsymmetrical ketones, the 
position taken by the entering halogen is determined by 
Warivous factors (acidity of g-hydrogen,| rate .of enoliza- 
tion in acid catalysed reaction, 1%8 Seeric requirement) of 
the transition state leading to the halogenated product 
in substituted a-position,+28 etc.).126 The order usually 
observed Us gertiany = secondary, > primary 3 (eq. any ee 

0 © 
he S0,C1, Vinaten) 


Be (4 4) 
CCl), Dea me 
83-85% 
Ingsome: cases, the presence or ‘an unsaturated substituent , 


Sucii as id carbonyl ¢1TOUD Jor san paromatac system. at the 


alpha position enhances the halogenation .at that posi- 
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However, “usually “a Mixture Or positional isomers 


B51 39 


is obtained (eq.45) which requires careful fractional 


Separation, as tilustrated in theybromination. of 2=penta- 


none. (The potassium chlorate in the example acts to 
@) Bri0 
CH=-C—CHSCH5CH. ite icc ace, CHs- C-CH5CH5CH, + 
ae 40-45" A 
light (45) 
ate 
CH z-C—CH-CH>5CH, 
53% 
remove the hydrogen bromide which may catalyse aldol 
eOndensatwon.ot the ketone. The same ‘role 1s played 
DyecUGccanimide.) ca" DY product Ofehalogenatlon\ with N-ha= 
Losuccanimide.) Furthermore, complications often 
atisenoy they ready acid-catalysed isSomerrzation of the 
initially formed haloketone.}262140-143 (eq "aa fl 
hae Pease ira ea tld 50% = 
2 Dee oS Et 50, 750 3 2 6 
Br O (46) 
bH1=-C-CHCH5CH, 2% 


Various modifications have been applied in an 
ALVeHOL sO ODtaAIm, Selectivity. suMardauet and Gaudry 
have demonstrated that bromination of methyl ketones 


in the presence of methanol favours the formation of 


oe 
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144 


bromomethyl ketones. The same selectivity has been 


obtained .in .the bromination.of,dimethyl ketals and-ethyl- 


145 


ene ketals, as demonstrated by the same authors. 


Halogenation with copper(II) halides 146,147 in 


solvents such as dimethyl formamide, has been found to 
Show specificity inasmuch as halogenation of double bonds 


does not occur. Some advantages have been gained by 


148 


the, use. ,of, perbromide \salts.,¢pyridine ; and. jpyasce i,- 


149 


dine hydrobromide perbromide, and phenyltrimethyl- 


ammonium tribromide!°? yin small scale experimentation 
(easily weighed solids of high molecular weight) for 


Chelm selecling tein thesorder Ketone..> olefin >>iendl 


aco ee a (eq. Me 
H br 
PyrrolidineHBr .Br, \ 
—o) a MES AE eee —=O0 
THE Pyrrolidine 
7 i Ee), 


These perbromide salts will also brominate.alpha 


to a ketal ee at. the less highly, substituted position 
preferably,'>? yielding an alternate, route to the o-halo- 
ketone . 


Halosenation can also*be.catalysed by basex This 
reaction ji which is believedvto involve tan enolate,!>> 
usually Veads “to polyhalogenetron duce to the ‘increased 


acidity of the a-hydrogen by the newly. antroduced a-halogen 
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substituent. Base catalysis is usually used for the 
conversion oL methyl Ketones into: acads viagtrihalo- 
methyl ketones which are cleaved in the basic medium 
(the Haloform reaction).+°4 
However, a recent Heport claims to/convert speci- 
fically generated lithium enolates into o-bromoketones, 
uncontaminated with the o'-isomer, by low-temperature 
bromination.!°° An illustration is the transformation of 


cyclohexenone into 3-methylcyclohexenone (75% overall 


yretdysSt €éq.nds 


Loe yam CH 3CuLi fetus ae Li 


~2) (CH,CO).0- (CH,CO) ,0 


pho bHh wl is. | (48) 


ee Li “Li,C0,, DMF DME H 


An altexnate approach for the .generation,of position 
specific halogenated ketones is the transformation of a 
substrate which already contains an keto substituent. 


Examples are O-hydroxy ketones (acyloins) and &diazoke- 


tones as illustrated in jequations 49° Go Bde een 
ee sOCl1, a 
RaaGe> Chl=Ke | (| CHER" 
Pyridine (49) 


(50-80%; R, R'= Alkyl) 
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ple Sie saarzedua 


O @) 
Gore é CHN fy BAP OH SHEN Goo t GHG (50) 
a Bis, ai ae 5 
15 31 2 dioxane or ether I> 31 2 
95% 

O O 

I 1) CH.N, I 
Ro er se R— — CH, Br (51) 


2 HBY 
(50-80%; R=Alkyl) 


Although both these methods afford a high yield 


of pure haloketone, they suffer from the unavailability 


Of thensstarting materials. (The acyloin route is restric- 


is useful only for diazomethyl ketones. 


ted tolsymmetricalkectypesi; ee and the use of diazoketones 
160 
) 


The halogenation of acyl ylids have successfully 


yielded position specific haloketones, as in the chlori- 


nation of acyloxosulphonium ylids 


idene phosphoranes 


nor (eq. 52)and alkyl- 


ioe (eq. 53). 


Tht ee gees 1) He Mec 
Ere Orme gOCCH NY) eames = Chl ain ect Ct 


ig ees ara 
0 
I (52) 
+ CHz-S-CH, 
Cl 0 
primase Bn. Sage Ie ies peer 
Be ace aie BAG sear ae Degussa ea a ty 
n-C gH, n-C aH, 
Cl 
Na,CO, i ia (53) 
23 HC CH 2-H, 
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This latter method offers the advantage of leaving a 
degree of freedom in the construction of the carbon ske- 
leton of the alkylidene phosphorane, although halogena- 
ELONs PST reStrnicted,to-chlorination; 

Although enol acetates can be readily transformed 


aS) 


into a-bromoketones SDGMEeDLeSERiEmaas presen reds noute 


ne thas’ approachydepends,.on,the;site = 


to a-iodoketones, 
Speciiic LOnmationnOtethegnecessary .cenol,acetates., Usual- 
ly+«they are,obtained.from.the parent.ketone as.a mixture 
of isomers. 

However, a regiospecific synthesis of enol borinates 
has recently been achievedgeand these intermediates have 
been demonstrated by J. Bridson to undergo facile halo- 


: 165 
genation. 


thus they offer sa jroute to o-haloketones 
whose=carbon skeletons {dictated in part byethe structure 
On thesvoreanoborane)vcanybe constructed in ia. stepwise 


manner. (eq. 54) 
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A third approach employed for the synthesis of 


gohdpeketones-nas becnenoderledFalonee chew lrnes tor 
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available general kKetone''synthesis.* This involves either 
the reaction between an organometallic compound (organo- 
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zinc, cadmium or magnesium) andean acid, chloride, ‘or 


the acylation of an active methylene compound. ro 
The first literature’ example of such an approach 

stems from the work of Blaise on organozinc compounds. An 

Orenloroacrd*ehloride was treated With*an organozinewhali- 


demviasa ecyelteroxeketal which, as-°oppesed*to an o-halo- 


ketone, is unreactive towards the organometallic reagent 


(eq. ssyrece 
el (CH) ,COHCOOH rae Ad 
C,HgCH—C—C1 ———34_____._ ¢H-CcH—C—0—C (CH) ,COOH 
(C,H.) .NH 
7 sree 
C1 Oo 0 
SOC1, C,H. ZnI 


| I 
————_+ C,,HeCH—C—O—C(CH,)5C-Cl1 =$—__+> __, 


Tene CH,COOH aga 


CHgCH—G—0\ ——S——* Cy HgCH—C—CpHg + (CH) ,COHCOOH 
0 CH, 


Cay 20% overa bl §5.5.) 
O 
Chlorinated acid chlorides have also been reported 


to yield a-haloketones on treatment with organocadmium 


compounds, 1©9 


Dut in) Tloweyields iy’ ihe’ reaction/or an o-halo- 
aciad*ehloride with a Grigmardoreagent has ibeen restricted 
Tactic Severe ly sDeCalisc:, Ot aune Lengency, Oly Ghigntara Teagent's 


CO Wneergo addition to thes=carbony licoroup to form temtiary 


alcohols. Grignard*reagents have found some utility,in the 
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preparatron7of some va-t huoTro ketones "by “the; additronvor 


alkylmagnesium compounds (RMgX and RoMg ) at low tempera- 


TUTE FTO a-fluoroesters.1/0 


Although’ a variety of methods ‘have been devised’to 
avOld Strole "MyGlolycrc™ e€ONnd1 tions in the” cleavage Or 


Powe tOeslers=and oO hotoatesters iby the use Or benzyl,!/ 


tetrahydropyranyl?/? 173 


anden- DULY | sester protecting 
groups), the approach involving the acylation of an 

active methylene compound has not been generally applied 
to the preparation of a-haloketones. Only one example 

has been reported. Bowman and Fordham utilised tetrahydro- 
pyranyl esters as a replacement for benzyl esters in the 
DReparation of east lywreducible ketones (benzylresters are 
cleaved by hydrogenolysis), and in their study, 2-chloro- 
3-decanone was prepared from 2-chloropropanoyl chloride 
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2) KOH (s) 
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Because a-haloacid halides are readily prepared 
(by chalogenation of «the «corresponding ,acid via <the ;Hell - 
Volhard Zelinsky reaction, or of the malonic acid)174,175 
and substituted malonic acids are easily available (alkyl- 


ation of malonate esters, or carbonation of monocarboxylic 


VEGe 177 


aELGS ), 


the structure of the a-haloketone can be 
rigidly controlled. 

Consequent by,,| ithe .purpose of the present work was 
to investigate the general applicability of .the acylation 


of malonate esters for the preparation of a-haloketones 
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AbsSo sa hroute,;toyo-haloketones of, type B ywas) briefly 
investigated via the acylation of disubstituted monocarboxy- 


LEG JeSt ers theeqe 158) 
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Fnolates*of monocarboxylic esters’ have’ been’ gene- 
rated in a variety of ways. Hauser and coworkers have 


obtained enolates by either the action of lithium amide 


in liquid ammonia, Te 
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Ome Newall Salts orn Gry pheny l= 
methane, on ethy eand#e-buty esters. Alkali salts 
of bis(trimethylsilyl)amine have also been employed to 
produce,ester enolates,.the lithium enolates;being.more 
stable than the sodium enolates. 180,181 

These bases are most successful with relatively 
UnTeactive cSters such as ‘ethyl asobutyrate or ¢-buty 1 
SStciscmerVen. im Chese) cases; nowevel, .thesenolate: Solu= 
tionsumust, be, utriized soon jatter their. formations to 
prevent appreciable condensation of the enolate with any 
unreacted ester. 

Recently, Rathke and Lindert have shown that lithium 
N-isopropylcyclohexylamide (LiICA) reacts with a wide 
Variety of esters at low temperature, in tetrahydrofuran 
Lo produce, solutions of the, corresponding tithium) enol. 
eee a Self-condensation of the ester does not occur, 
even when such solutions are allowed to reach room tempe- 
Paice woe Nnes SUCCESSOR ULI ICA SUabtriputed’ Commits solic 
bility in the solvent at low temperature and to its ability 
COSCrrecturapid Arreversiblewprotven-abstraction from the 
CS Gers, 


As shown in the following equation, (eq. 59 ) these 


enolate solutions have been successfully alkylated, 184 
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acylated, 18 and carbonated!// affording a-substituted 


esters in high yields: 


R'X ne 
—C—CO,R 
SS e 
if Pa Ne Se Ge R'COX a 
SPU AREOr py Lt mat pes coapene the Rich pipiatetcd«chir 
2 : 2 : 2 
+ 
GO H . o COne 
4 a 


(59) 


ed 


an a * | Stee 
Dna FLL aa 1 yhvinend Ty ' i 
} : i 
t We Ma a in 7 ; bli ry 7 . 
Ota tee ne) bh ns i 


aie ee ory eal ia 

¥ i a | My Velae “ al iA 

pe ae a iy ta) nye, i. vi FU, Al ‘iy. i o 
Ce eee it en a 

7 i iN in i OF ear : ‘ie 7 iret ve “a oP a 


im H ieee | 


) fr in l ‘a 7 rm : aD, oil n la 
it 7 7” 7 ’ ' , ' : 
ee ere wh aa 
i hy, a ee Fie ie iaep 


0 i i 5 cae a 
ny — Ly a ‘ h : 7 a 7 7 i i va 7 vi Vv, c vn ) 


? pas in bs » i \ } Se ' i or wal i Md i 7 
WN 7 av 7 a 7 - vi a oo ; i ‘) sm ' i v ' 7 : , ‘ 
a. 1 ny 4 ; i . & i i 1 te =F ; hp he , b ue 
; y vie ; Pour ; mh i Ve 7 ’ 
ie by ‘wie a : ; : A if ¥ 
: a . x Geta a a ee ia 


RESUETO AND DESGUSS ION 
PREPARATION OF a-HALOKETONES VIA THE 
ACYLATION OF ESTERS OF MALONIC ACIDS 
The success obtained by Bowman and Fordham 172 
im the synthesis of ketones via the acylation of biste- 
trahydropyranyl malonates and the high yield of 2-chloro- 
3-decanone formed by this route suggested that the inves- 
tigation should be carried out, at first, along these 
lines. 

The Bowman experiment was repeated (eq. 56). 
2-Chloropropanoyl chloride was reacted with the sodium 
salt of bistetrahydropyranyl n-hexylmalonate followed by 
ketonic cleavage with acetic acid in refluxing benzene. 
EX€epr stor Che use; or a sodium hydride dispersion in Iveu 
of sodium metal, the experiment was conducted using 
Materials described previously in equation 56. 

Severaledalriiculiies,werewencountered. aMost impor - 
tant, the material obtained distilled over a wide range, 
and consisted mainly of a low boiling fraction which was 


identified as tetrahydropyranyl acetate 44. The irene d 


BR 
CHZ— C—O 0 


44 


boiling-€ractions) contained™a mixture” of 44,~2-chloro-35 


decanone, and some acidic component which was not identified. 
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Obviously the simple water or base wash required 
in the work-up (as described in the Bowman procedure) was 
noe Ssuftfacient, to remove the large amount of acetate 
formed during the acetic acid cleavage. 

Tetrahydropyranyl esters are readily cleaved by 
aqueous acids, 184 Thus , modification of the work up by 
including successively alternating dilute acid and base 
washes of the crude reaction product resulted in almost 
complete removal sot 44. Intrared analysis of the reaction 
mixture before this work-up showed a broad absorption 


ies han eres absorption was at- 


al 


for Olle el 20s eto 174-0. cm 
tributed to the ketone carbonyl and the 1740 cm ~~ to the 
estey carpony 1. ‘WES. with each successive wash, it proved 
possible to follow the disappearance of the ester 44 from 
Chee pr1roductwmixture. 

Therefore, by including this modification, a 72% 
yreld of 2-chloro-3-decanoneé ‘was obtained. 

Tiesreach1on was woepeatedawicn cy clohexy.ina Lonic 


aclu (ed. mOU)te Au 46 caylee LdwOtm S-ChiLoro-4 cy clonexyi-7-butda= 


none was obtained. Although formation of the malonate 


+ oe Ih) Fone tdrGp 2c. H,SO, 
CH(CO,H), ae 


Benzene, <30° 
2) KOH(s) 


ete, 28 ae Clarlf 
CH(CO,THP) 4 CH5- C-—CHCH, 


4) CH,CHC1COC1 
SyaGHEGO, nied 


(60) 
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ester appeared complete under the conditions used for 

n-hexylmalonic acid (30 minutes below 30°), a large 

amount of solid was formed on shaking the solution with 

potassium hydroxide (to remove traces of unreacted acid). 
As a consequence of this observation, it was 

decided to survey this multi-step approach in a way as to 

evabuaresthe etfgerency, Of SvenyestepuivUsingsibexyimatio- 

nresacid assthetmodel fcompound,;sthe| formation of; the,dies- 

ter was measured by proton magnetic resonance spectroscopy 

using the hydrogen at C, of the tetrahydropyranyl ring in 


45 (6 5.94) versus bromoform (H 650.99) as internal 


HCBr? 
standard. 


Of 2 


45 
Ehus, "using “a stoichiometry set 1.5 mole of sdrhydro- 


pytaneper carboxy licvacidseroup. <addition (of the. acid(¢so- 
iid) pOLeLron oy portion, to asbenzene solution of dihydro- 
Dyan cOlULaI nan? a Urop.or SULpDNUTIe, acta, Tresulcedrin’ a 
yield of ester of at least 9075% after 30 minutes at room 
tempemacure. | A fatio wr one mole or *dinydropyran per 
carboxylic acid group gave only a 71-79 % conversion under 
these conditions. 

Since the reaction is carried out at room temperature, 


and since most simple malonic acids are insoluble (or only 
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slightly soluble) in benzene under these conditions, the 
extent of reaction can be followed qualitatively by obser- 
ving the dissolution%of the’ acidi® -On’' the’ other’ hand; the 
meaction.is highlygexothermic)* and* care must be taken” to 
add thensoladeveny gradually. To overcome this technical 
problem, the reaction under homogeneous conditions was 
investigated. Addition of 3 molar equivalents of dihydro- 
pyran {to a sotutron of nshexyimatonic-acid’ instetrahydro- 
furan afforded only 35145% ester after 30 minutes at 25°. 
When the reaction was repeated at reflux temperature, a 
695% yield was obtained after 30 minutes. 

The reaction of dihydropyran with a hydroxyl group 
is considered to be a reversible process. 1/4 Fortunately, 


the equilibrium for ester formation (eq.61 ) appears to 


I 
mer) aaa ok gi 
R CH(CO,H)., cepa 0 ; R “ee 0 , 


(61) 


lie in favour of the ester in benzene as solvent... As 
long as excess dihydropyran is used, virtually complete 
esterification can be achieved in a reasonable time. 

The reaction of the bistetrahydropyranyl ester 45 was 
found to be relatively, fast with sodium hydride as. azbase. 
Similarly, the next stage of the synthesis was complete 
within 15 minutes at 20-25° using 2-chloropropanoyl chlo- 


ride and the sodium, salt. ofen-hexy malonate, dtestem. 
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The*ketonic ‘cleavage step’ (€q:"62) was investigated 
using iseveralvacidtcatalysts*aeetieracids p= toluéene= 
sulphonic acid, and sulphuric acid) of varying stoichio- 
metry (0.15 to 5 equivalent per ester group) by following 


the carbon dioxide evolution. 


CH= CH oe sigs) Wee 
Sf tC gliyg Cy C— CH cH 


nee. LS Z 


6 ne 
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With mo acid catalyst; that is; simply heating’ the 
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reaction mixture to reflux, a slow evolution of carbon 
GLOxXIGe BLesUlLe@satcetrZ NOULS. TN eheny Le lds Or Ci loro 
Ketone: was tormed.  —Surprisingly., addition of, acid. (ace- 
CicsOr p= coOluciesulphoni@) =“ineanounes: o20.15-0.. 20 mole 
per mole of ester groups, also resulted in a very slow 
TAcCeHOLr CeCompOsitlOn. ~ Nev Vile La vorepnroduct was, Oily. ica. 
DSUs .0r Lesscatter do, hours tunderyrer tux. sSimularity., 120 
mole of p-toluenesulphonic acid per mole of ester 
groups afforded incomplete carbon dioxide evolution and 
resulted in a 36% yield of chloroketone after 2.5 hours. 
SULphuGicwactd, On Che Other lands, TesuLted in Che -.orma- 
t10nof a tarry material ‘and ia 46% yaotd of chloro ketone 
ater 8 hours . 
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mote or ester group, resulted: in*a-very-fast’evolution of 
carbon dioxide’ as’ the reaction mixture was’ brought: to 
reflux. 2-Chioro-3-decanone was formed’ in a 94% yield. 

Using this second” moditi1 cation ,*’2~chioroe’s-heptano- 
ne ana 2-Chloro-o-methy1-o-heptanone were prepared: ih’ a 
OSsuane 02, lela. WespeCulvely 72 00Mr7aplLOpy. ala 2 .pUuT y 1 
Halonie acid and 2=chloropropanoy ll” chloride” 

TO Minimizes ilandiing, Losses in chissmMutie step: trans= 
formation, the possibility was explored of conducting the 
ciuiueascuueCiGe as a LOne POLmsynthesis . wOn vhevassunp- 
tions that the esterification step was quantitative (or 
Nearly qualltltaeive)” and thae tne excess ot dinycropyran 
WMOUIM NOt -lNtLerLere im tire “Supsequent steps or ithe =reac- 
tion, the solution obtained from the esterification step 
was used without the prior treatment with potassium hydro- 
xide and without concentration (to remove excess dihydro- 
pyran). 

In the “event, sodium hydride was used ana’ slight 
excess (0.01-0.02%) to neutralize the small amount of 
sulphuric acid used in the esterification step. This led 
to a quantitative yield of 2-chloro-3-decanone from the 
n-hexylmalonic acid-2-chloropropanoyl chloride combination. 
Too large an excess of sodium hydride (10% excess) proved 
to be detrimental since a decreased yield of produce was 
observed (78% 2-chloro-3-decanone). 


On the “other “hand; *thrs ‘moditicattron -led *to 
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Inconsistent results son repeating ithe reaction several 
times. The solutions obtained from ihe esterification 
step were often highly coloured, even when great care 
was taken to control the temperature in the highly exo- 
thermic esterification step (by a very slow addition of 
the acid). These coloured solutions reacted immediately 
at 25° on addition to.a .slurry,.of sodium hydride in .ben- 
zene, aifording dquantitative .evolution,of hydrogen. 
HOWwenNerm, o2uelds of 2-chioro-3-decanone varying from 70 
to) 100Z4wene ,obtained. 

This inconsistency was attributed to the use of 

concentrated sulphuric acid. .as, an acid catalyst... which 
brought about an undesired reaction (probably polymeri- 
mation) Of the dihydropyran. /p-Toluenesulphonic acid 
aS Catalyst was folind, tof give more consistent, results. 
The reaction was finally conducted in: the following simple 
Way. Dihydropyran (3 moles) was added to a slurry of the 
MaLonLe saciid (PemMole) vandica. 0.5 me OL aniydrous)p- volue- 
sulphonic acid18> in benzene. The esterification was com- 
plete’ within 50° Minutes Of dissolution of the acid. 

A quantitative yirela or 2Z=-cnhloro-5-decanone was 
obtained when the diester of m-hexylmalonic acid was formed 
in this way, and its crude solution was used in the subse- 
quent steps (metalation, acylation and ketonic cleavage). 

Aswa Tesultt Of. the Various modifications which opti- 


Waived wire yreld Of 2 tulLOro-o-aecanone and SiMmptitied tne 


ai. 


e | J ® i a a Vial ; at ¥ p 
J hy ui ul x 7 Ms 1 
a) Se ee ae a ‘7 
ce a Ve ; Oe, s. z 


pa ¥ ise 


i 1 
2 = \ 
4 7 

Li i 


ie ls ‘ ah a 


to ataabin wore, mscen xa) apse sh 
" Lezelbemmi beageer, emi toLo2 berwotes 2 shect, "a8 
-ned at sbitbyd motboe %o, xrmale ad sotsi0be ao 228 36. a 
_-negorbyd 20 moisufove ovite2iznet galbroite omer y 2 
OF mork iba cone ne > onoltar$ to shiary’  tovewoH nr 
. shentstdo, orem POOL, ga) ie 
vi san : a os, beavers as pees 2idT inate Me 7 
dodew 2axtasg2. bige aa 20) biog) Sardine besestneonoa Mm . 
-ixemy log xidadorg) poiiaser boriaebay ap: swods 3dguoxd 
 BAse sinedgiuzenoutol-s sap rigor byalib, edt Te Cee ' 
.2ntuegs dneteancs atom svig aa daw 2nw aeqisteo 28 My 
olqmiz gaiweltia? ond ii batowbnas xis? ae noisosey dT 
silt to viable B ot hobbe 2ew (eeLom &) narygorbydid ei 4 | 
-oulot-g aonb yds to, Bt 2.0.62, bas (elon os) ‘bios oinolsm 
“m0 a2aw nobisritizezas oat hae Oh a) * bie pinodatue 
bina alt 20 goisutozatb 20, Saami OF ats 
284 anonsaeb-t- -or0Kto- 7s apace opens! J ae 
bowro% Nan ai ont tae aa 
| “suai tn rs pitslatem) 2 rit po 
sitgo doziw enokzesih | ht ial 
ods baiahige ix 2 


a ne on 


Nanering Of sthis multi-stepsprocedure, the preparation 
of several a-haloketones from Substituted malonic acid- 
Ogialoacid chhopidescombinations (af structurally ditf- 
ferent types) was investigated. The results are listed 
in Table ¥., 

Except for phenylmalonic acid, all the acid sub- 
strates reported in Table V gave a soluble sodium salt 
when their respective bistetrahydropyranyl esters were 
treated with sodium hydride. 

The 2-halo-2-methylpropanoyl chlorides (46) requi- 
red a higher temperature (65°) and a longer reaction time 
than the non-methylated analog for completion of the acyl- 


ation step. The jloW'yreld”of"q-haloketone~from |46 ~ was 


46 
Dy, X= Br 


aetributed to incomplete ketonic cleavage at the; tempe- 
rature used. Heating to reflux form .S#hours showed@omniy 
aos yueld (olc)} Of 2Z-chloro-2-methyl—5-heptanones? nomotitc 
n-propylmalonic acid-46a combination. Isolation of the 
chloroketone by distillation of the crude reaction pro- 
duct obtained afterm-work-up «doubled the yield. 
Consequently, the ketoester 47 was obtained by the 
acylation of the sodium salt of bistetrahydro n-propylmalo- 


nate with 46a, Heating the crude ester at ca. 165° under 
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47 
vacuum with removal of the volatile products by distil- 


lation afforded a-mixture of dihydropyran, 2-chloro-2 
methyl-3-heptanone (67% yield) and an unidentified aci- 
dic component. 

Table WI lasts” the=results obtained with othér*nalo- 
nicpecidsacid clyloride systemsgwith the pyrolysis type 
of Ketonic cleavage. Phenylmalonic acid) fai ledStoeyaeld 
any condensation product with 46. This may have been due 
co.a combination of factors (1ive..;;the heterogeneous na- 
tume of the;reaction and a llessereaet ive) a-haloacid chlo- 
ride.) 

Based on analogy with the thermal decomposition of 
8-ketomalonic acids to ketonesm the formatvon of o=halo- 
ketone most likely proceeds by the mechanism depicted in 
Sclieme Vi == an internal proton abstraction ~rom the tetra- 
hydropyranyl group via a six-membered ring intermediate 
with elimination of dihydropyran followed by two succes- 
Sive eliminations Of carbon dioxide as illustrated. 

When the decomposition, 1S Carried out’ in theepre- 
sence of acetic acid in refluxing benzene the dihydropy- 
ran is "'removed'"' from the process as tetrahydropyranyl 


acetate (44) which has been shown to be stable under these 
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The preparation of a-haloketones via the acylation 
of di-t-butyl malonates was also briefly investigated. 

At about the same time as Bowman devised the use 
of tetrahydropyranyl esters in the synthesis of ketones, 


Johnson and Fonken 173 


found that odi—-c-butyl malonates 
could be used in an analogous way for the synthesis of 
simpléesketones. aulhetcleavage obey “butyl Aesterstirsepre= 


sunabiye@a Cleaner preactionss ince sthese-butyl*group tis 


lost as gaseous isobutylene. (eq. 63) 
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cP mares 0 CH 
il Iya Anton ir| poems of) "4 i das 
| 3 aie eee 3 
CH R! : 
3 Z CH, 2 
"2 (CH, ) 3C—=CH., t -2C0, i (63) 
WOasrat, prepasted BeCchG (GO sH)s on-az sit Roe AGUS Ry 
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Reacétron-Of “disoabutyl mwahexylmalonatevands2-chlioro- 
Lan 


propanoyl chloride according to the Johnson procedure, 
illustrated in equation ~64, resulted in a low yield (27%) 
ofi2=chloro-3-decanones 

excess NaH 


~ + 
n-C,H, ,CH(CO.,t-Bu) i ey Ce Hae CCG, ¢—Bu)a)eNa 
6°13 2 aa A kc 6°13 2 2 


48 
CH,CHC1COC1 CH,CO,H 
ai. Co iso Cee Oo, ec eae 
1 hr, times iux | p-TsOH, 2 hrs 
CH,CHC1C==0 
3 Ret Lax 
I Cl 
n-CeH, 3 CH5— —¢H-CH, (64) 


As opposed to the tetrahydropyranyl ester method, 
the reaction of sodium hydride with 48 was much slower. 
It required 4.5 hours of heatine tunder retilux tor complete 
hydrogen evolution. 

ANewa result of the lone: reactions time, required in 
his procedure. and of the slow,yi1eldsot chloroketone obtain= 


ed above, this approach was not further investigated. 
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PREPARATION OF a-HALOKETONES VIA THE 


ACYLATION OF ESTERS OF MONOCARBOXYLIC ACIDS 


Rathke and coworkers!®5 have reported that ester 
enotacles, prepared Dy) the, reaction of -lathium) 1sopropyl- 
cyclohexyl amide (LiICA) with an ester of a monocarbo- 
xy lic acid at -738° ,.couldsbe successtuily acylated at 


that temperature with an acid chloride. “(eq. 65) 


On 


Tne AG meee ECOG Tia. figeu aR: 
SCH-CO,R = ——* Sc—co,R ——~ “ec (65) 
2 


This suggested the possibility that o-haloketones 
could Bberprepared by Chis"method aivan a-natoacidrento- 
Yide were=to be used in the acylatron step. 

Thus, using the tetrahydropyranyl ester of 2=methyl- 


propanoic acid (49) metalation was accomplished by addi- 


pee le ihe) 


CH, 
49 
tion of the ester 49~to LiICA an tetrahydrofuran at 
-78°. Addition of 2-chloropropanoyl chloride to the 
lithium enolate (exothermic) resulted in’ the precipita- 
tion of a small amount of solid, presumably lithium chlo- 
ride. When acetic acid was added to the mixture, the hydro- 


chloride of cyclohexylisopropyl amine precipitated. After 
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heating whe filtrate ((remluxs, bss hours), ca ‘mirxture ‘of 
chloroketones was obtained, consisting of 40% 2-chloro- 
geome thy (=S-pentanone #050 jieand 122 02-chigro-2-methyl=3- 


pentanone (51)% 


el ea, ce ea 
CHz i | | CHR belle al 
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50 51 


The formation of the a'-chloroketone 51 probably 
arises via an isomerization analogous to that observed 
in the bromination of unsymmetrical ketones as mention- 
ned previously (eq. 46). 

Two apparently contradictory reports have appeared 
eoncerningetherisomerization of a-chloroketones. Satch 


140 


Horiuchi, and Hogitani haveét recentlyostudied: the 


isomerization of the bromo and chloro ketones 52(a,b). 
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They found that both 52a and 52b rearranged on treatment 
with acidic reagents (acetic acid-hydrogen bromide, acetic 
acid-hydrogen chloRidéfeand=d¢etic acid alone) as illus- 


trated un the following, equation: anvolvine partial structures. 
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However, Mehta, Miller, and Tidy 143 have reported that 
simple -o-haloket ones, isuch ‘as 1-chloro-2-butanone do not 
rearrange upon treatment with ethereal hydrogen chloride 
Oreconcentrated hydrochloric acidsin glacial acetic acid 
MAder Ret ki, 

Asa result, we can draw no firm conclusions regar- 
Gingeche formation of «the chiloroketone. 51) in the previous- 
ly sdisoussedsexperiment (the gacylation of (42) with 2-chloro- 
propanoy 1 chloride): 

Due to the fact that a mixture of positional isomers 
Was sobtained, the preparation of a-chloroketones via.the 


acylation of monoesters was not further investigated. 


In summary, a-haloketones were found to be readily 
prepared by the acylation of bistetrahydropyranyl malonates 
with a-haloacid halides. The method appears to be mainly 
advantageous in the preparation of a-haloketones of type 
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the a-chloroketones! prepared. in this study were 
found to be relatively stable compounds. By contrast, 
the a-bromoketones were usually unstable and decomposed 
readily if stored at room temperature. © Furthermore’, de- 
hydrobrominated products were found to be present along 
with the bromoketones as obtained by the thermal decom- 


position method (Table VI). 
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EXPERTMENTAL 


General Considerations 

iIntraredatiny specthawwene wecorded onga Unveam 
SP 1000 Infrared Spectrophotometer. 

Nuclear magnetic jresonance. (mmr). spectra.wene 
run on a. Varian A-60 Spectrometer in the indicated 
solvents with tetramethylsilane (TMS) as the internal 
standard. Chemical shifts are reported in, 6 values 
relative to TMS = 0. The following abbreviations were 
used in’ the text: . s. = singleti.«d= doublet, st = treplet, 
qd = quartet,.sép.= septet,, andem = amultiplet. 

Mass spectra were recorded on an AEI Model MS-2 
er Model. MS-9 spectrometer. 

Melting points were determined on a Fisher-Johns 
apparatus and ane. uncorrected. 

Refractive indices were measured on a Bausch and 
Lomb Abbé-3L Refractometer. 

Analytical gas liquid chromatographic (glc) analysis 
was performed on a Varian Aerograph Series 1200 gas. chro- 
matograph and preparative work on a Varian A-90-P3 gas 
chromatograph. 

All reactions involving sodium hydride were per- 
formed under a dry nitrogen atmosphere. Dihydropyran was 
freshly. distilled from sodium metal before use. . Benzene 


was dried over lithium aluminium hydride. 
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Preparation of Alkylated Malonic Acids. 


n-Hexylmalonic acid. 186 HUhnwl madenate: (C559 .420):.97 


mole) was added to 0.97mole of sodium ethoxide (from 22.2 g 
of sodium in 500 ml of absolute ethanol). The solution 

was warmed to the boiling point and 159 g (0.97 mole) of 
bromohexane was added dropwise under reflux over 4 

hours. The ethanol was distilled and the residue was added 
to water. The oil was separated and the aqueous layer was 
extracted with ether. + Afteridryang (Na,SO,), the combined 


organic extracts were distilled and afforded 184 g (78%) of 


IL 
D 


1.4278]. The ester was saponified 


diéethyl-w-hexytmatonate; bp 112° (2 (mm) yin 1.4293 critls? 


ZL 
D 


by Sheatine ¥to,.retlux fore’7/ehours ywithe2 imoleseof& potassium 


bp 150-155°(20mm) , n 


hydroxide ini225 migof lan ethanodawatenemmxturey (th : 2aby 
volume). The solvent was partly distilled and the concen- 
erate pouredGinto 1ce-coldeconc¥mhydrechlorie ;acidasnihe 
acidiwasatiliteredmand=recrystallisedyfromubenzenes-yield: 
177 g (79%), mp 105-106° (1it.28? 103-1052) 
Cyclohexylmalonic acid. In a similar way, 67 g (0t4 
mole) of bromocyclohexane was reacted during 8 hours with 
0.4 mole of diethyl sodiomalonate in ethanol. The reaction 
yielded 37 g (27%) diethyl cyclohexylmalonate, bp 140° 


(iniminiadtes 


151-153° (16 mm)]. The ester was saponified 
with 0.27 mole of potassium hydroxide in 50 ml of aqueous 
ethanol as before. After acidification (conc. hydrochloric 


acid) there was obtained 21 g (83%) of cyclohexylmalonic 
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acid which was recrystallised from hot water, mp 192.5° 


17, 


(olree 176-178°dec) 


2-Butylmalonic acid. In a similar way, addition of 
P3649 -(0.74 2) .0£ "2-dodobutane: to 0.74 mole of diethyl 
sodiomalonate in ethanol afforded 134 g (83%) of diethyl 
2-butylmalonaté, bp.84> (2.2 mm) Rigi” 245-250° (762 mm)j. 
The ester was saponified with 1.5 moles of potassium hy- 
droxide in 150 ml.of aqueous ethanol as before. There 
was obtained 68 g (69%) 2-butylmalonic acid which was 


recrystallised ‘from benzene-heptane;, mp [57 (Rita 76"). 


NePLopy UMalonic yacid. SyAddyiron of Sls (0. S0emole) 
of iodopropane to 0.30 mole of diethyl sodiomalonate in 
a similar way, afforded diethyl n-propylmalonate, bp 116° 
(22-24mm) plitt®’222-227° (750 mm)]. The ester was sapo- 
nified with aqueous ethanolic potassium hydroxide (0.65 
MOLée) eas betore. “There was obtained .40—0 (915) of 7spropy l= 
MaLonLcracid which waserecrystalirseds Lromebenzene=n - pen - 


Sy, 


Canen atipwo.s 29.5. Jeu Lite 9160 ))*. 


Phenylmalonic acid. Diethyl phenylmalonate was 


188 Reaction 


prepared by the method of Levene and Meyer. 
oftethyl oxalate, (65.7 .9,..0.455mole) with ethyl phenyl - 
acetate (77.8 -g, 0.48 nole)MineZs0amloLlabsolutevetnanog.! 
containing 0.45 mole of sodiumsethoxide [from 10.4. ¢ (0.45 
g.atom) of sodium] afforded after decarbonylation by pyro- 
lysis 69 g (63%) of product. The ester was saponified with 


ethanolic aqueous potassium hydroxide (0.6 mole) as before. 
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There was obtained 48 g (59%) of phenylmalonic acid which 
was recrystallised from water, then from benzene, mp 146- 


icc set Og eam 


ea Saelee 
Preparatton, Ob o-Haloacid Chilorides. 
2-Chloropropanoyl chiorrde:s Commercial 2-chloro- 


propanoic acid (67 g, 0.62 mole) was heated under reflux 
LOL S57 NOursewith 100) o,Ot treshiy, aistailed thionyl chlo- 
Dude wAreeT =sStandaing LOL io enOursval.Zo the Teactvon 
mixture was distilled at atmospheric pressure to remove 
EiemeXGeSS cthLOny. Chloride... Vacuum atisti1lsation Ob the 
residue afforded 66 g (86%) of 2-chloropropanoyl chloride, 


bp 52-54°(100 mm) [1it.274 


1 


So 0 Uma) | See ede Cue, Td )e 
i765) (=O), 050 cm (C-Cl). 

2-Bromopropanoyl chloride. In the same manner, 
Z-DroMmopropanorc acid (70-9), "0. oUsmole) and “55 mi or 
thionyl chloride afforded 82 g (96%) of 2-bromopropanoyl 


chloride, bp 72° (95 mm) [1itt8”? 131-133° (760 mm)], ir 


(liquid film): 1825, 1720, 920 cm? 


(C=0C1). 
2-Chloro-2-methylpropanoyl chloride .189 2-Methyl - 
propanoic acid (52 g, 0.60 mole) was heated under reflux 
for 3 hours with 200 ml of freshly distilled thionyl chlo- 
Tide. “hnen OU ml of treshly distilled sulphury! chioride 
was added dropwise to the refluxing solution. The mix- 


ture was illuminated for 5 days with a 200 Watt lamp. 


Fractional distillation at atmospheric pressure (700 mm) 
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afforded a fraction (bp110-11@ which upon redistillation 
yielded 41 g (38%) of 2-chloro-2-methylpropanoyl ‘chloride, 


eee 


bp 114-116°700 mm) [lit. 126-127° (760 mm)], ir (liquid 


1 


film) 26-1850 jmk7 DS 169 G0iem (>. (C=O0CL); anmt (CC1,): § 1.86 


(s) (CH GG. 


3)2 
2-Bromo-2-methylpropanoyl chloride. In the same 


manner, bromine (0.81 g) was added dropwise to a thionyl 
chloride solution of 2-methylpropanoyl chloride [from 

43 g (0.48 mole) of 2-methylpropanoic acid and 70 ml of 
thionyl] achlorrde heated otowrefluxrfor 205 hours!]ii+ ithe 
reaction mixture was illuminated (200 Watt lamp) while 
being hheatedimunder irefluxdcfors20chours. Fractionalkddis- 
tillation afforded a dark red distillate which could not 
be decolourised by further redistillation. The organic 
material wasiecanefulby thydnolysed byipouring inte ree< 
water. The aqueous mixture was extracted with ether and 
the ether layer was washed with dilute sodium hydroxide 
solution. stte1 di fication {(concs liadneialiireiae acid) of the 
base extract, followed: by ether extraction afforded: after 
¢concentination of ‘themonganie fphaseé.jo25pe soin2;bromo a2 
methylpropanoic acid as a white solid, mp Aaehoca Claciena 
48-49°. Treatment with 20 g of thionyl chloride under 
yefbuxsfor Sihours (gave after ifractional dilstil bation; 

bo xg u(22%4)isofhe2-bromo-2-methy Ipropanoylschlénides ibp i77,-78° 
(95 mm) [1it.174 52° (30 mm)], ir (liquid film): 1825, 
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2225:) 96046825 acmad «(C=0G1); cnmr (CC1,): 6 12004 afs) 
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(CH,),CBr. 


Preparation of 2-Chloro-3-decanone. (Bowman Procedure)i/2 
n-Hexylmalonic acid (9.4 g, 50 mmole) was added, 
portion-wise, to 12.6 g (150 mmole) of dihydropyran in 
50-mleotedry benzeneUcontainingvVoneedrop )officonc.” sul- 
phurielacidmy at?iroomitemperattre ss ,Anjexothermic. réace 
tion occurred. The mixture was kept below 30° by cooling 
with a cold water bath (20°). After complete dissolution 
ofithe acid; the*solution was ,.stirredhfor anaadditional 
30 minutes. Potassium hydroxide pellets (4 g) were added 
and the mixture stirred for 45 minutes. The liquid: was 
decantediby #2ltrationrthroughvaselassewool plug. The 
filtrate was concentrated by distillation under reduced 
pressure, keeping the temperature below 25°. The residue 
was dissolved in 50 ml of benzene and added to 2.19 g of 
sodium hydride (56.7% oil dispersion) in 100 ml of ben- 
zene, at such a rate as to allow a moderate evolution of 
hydrogen. The clear solution which resulted was cooled 
#0 5° and 6e4neF(S0tmmole),.of 2-chioropropanoylechioride 
was added all at once. On warming to room temperature, 
sodium chloride precipitated as a gelatinous mass. After 
4 hours, 5 ml of glacial acetic acid was added and the 
mixture was heated to reflux for 2 hours. «The solution 
was cooled and successively washed with 25 ml of water, 


25.ml of saturated sodiumsbicarbonate solution; and 25 ml 
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ef? brine™sodution., After drying (Na.SO,) ands concentra- 
tion (rotary evaporator), the residue was fractionally 
distiijed matt. 5-2. 0fmm f0The Mirstléractiona( 4.73250 
distilling at 42-51° was tetrahydropyranyl acetate, fit: ’? 
bo 42eq5) Clann) |seiretliguade film): 2742 (C#O), 1240 


(C-O ester), 1150-1100 cm + 


(C-O-C ether); nmr (CC1,): 
Srapeedt Sormge 65+ (Car = tens (S¥Es4 Gar c=0703780 (m, 2) 
~CH50- , 4.03 (brms, OL )S -OCHO-"> «The, seconds fraction 
collected (2.76 g) distilled between 65-71°, ir (liquid 


FA) e246 7250190 sone | 


(C=O) Fe They third hftaction 17 6e 
86°, 2.56 g) was composed mainly of a ketonic component 
(Ate 1725 cm +) and@an* acidiCeimpurity: (2791700 ,< 2600-3500 
cm +) which was not further investigated. 

The Treattion®was* repeated as descrabed above ~The 
concentrate was washed alternately with 25 ml of dilute 
hydrochloric acid and 25 ml of saturated sodium bicarbonate 
solution (3 times) until the infrared showed the carbonyl 


absorbtion at 1720 cm 1 


to predominate. The residue was 
distilled at'l mm. Less than 0.8 g was collected below 
60°. The main fraction [6.64 g (70%),82-84°] was identi- 
fied as 2-chloro-3-decanone. Further distillation (micro 


spinning band) of a sample gave material with the follow- 


ing “propertics:+) bpe 74 (0e 7-028. mm) aeee e TOT IER 1G 
mm)]; n¢? 1.4398 (1it.7/* 1.4512); ir (liquid film): 
1723 cm 2 (C=O); nmr (CDC1,): 6 0.98 (br t, 3) terminal 
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Zio tiGonp.vex “ty 20a yi cps ) CH,CH @20 pL4nss Big heEy eas = 


2 
LIGHS)) CHzCHC1; mass spectrum m/e (relative intensity): 


190 (142) tng 192 (0.4) M (Oreoyreninal . ¢ salted: 


zc)> 


for Ci Hy 9C10: Ct G2. 98h eel Oia 4neC1 cls. 59), 7 Found: 


GNC ILM SH fr DOSES wOI 18 68s 


Pore pa nat romcot 65<iICh horosl soyelohexyls2-butanone : 

Cyel ohexyimalonie acid.e(9 sso; 25.0; mmole ) wasiitreated 
according to the Bowman procedure described previously 
with 12°96 \g-€1b50.mmole) of edihydropyran:,: On stirring the 
ester solution with potassium hydroxide (4 g) a gelatinous 
precipitate appeared which rendered filtration difficult. 
On addition of the crude ester in benzene solution (50 ml) 
toe2 chaheres sodium thydrideo(s6a7 7a0nl dusper stom) sein 5100 
ml of benzene, hydrogen was evolved in 85% yield. Further 
treatment with 2-chloropropanoyl chloride (6.3 g, 50 mmole) 
and 66 «mlinof {gldcial acetto acid; .as described before, 
yielded, after work-up and fractional distillation, 4.4 g 


(48%) of 3-chloro-1-cyclohexyl-2-butanone, bp 88° (2.2 mn), 


20 1 
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Oisss.iGd, bo priiari cps) CH,CHCI, Telia 44) Coir am. 180.) 
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Quantitative Nmr Analysiseofcthes Formation of Bistetra- 
hydropyranyl n-Hexylmalonate (45). 


In benzene (1.5 mole of dihydropyran per carboxylic 
acidQgnoup) Method@Acsenztexyimatonicsacid (4e71 gyl25 


mmole) was treated with 6.31 g (75 mmole) of dihydropyran 
inrZoomhioktben zene pcontaininewonekdropeoftconcxesulphuric 
acid as described in the Bowman procedure. As the acid 
was added (portion-wise), the temperature of the dihydro- 
pyran solution rose quickly. Cooling with a cold water 
bath (20°) was applied to ensure a temperature between 

25 and 30°. After treatment with potassium hydroxide (2 g) 
for 30 minutes, the mixture was filtered through a glass 
wool plug. The solid residue was washed with dry benzene. 
The combined filtrate was concentrated under vacuum (bath 
femp.oatc25<).suTheuresidues (8¥i5 gdofva paleiyellow 


1 


Wiscoms loilhifdisplayedving (liqued film) ouel275tcm> ¢ibroad) 


(C=O); nmr (CC1,): CFOS Se (bree, 3) terminal-C#,, 1.1- 
Zee (me b22) ~(CH, )=- and (CH, )z-x2 (tetrahydropyranyl 


Lin gst ssZ26n(t mils) e=wkecps) teHser (CO Se94e (bres, 
2— 


poe 
nsOEHOstedA mnxtuhe obmbheiduestemi(0y714 te) Sandjfineshiy 
distilled bromoform (1.407 g) was made up to a 2 ml volume 
with carbon tetrachloride. Nmr analysis of the solution 
by \integration.(4 times).of ‘the broad! singlet: (2H) at.é 
5.94 versus the bromoform proton-at:6 6.99 revealed 89-92 


Ss%desterbfcrmation. PAfter#sigudays.at o9C Aithetproduct 


. : + 
was shown, in the same manner, to contain 88-5% ester. 
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In benzene (1 mole of ,dihydropyran per;carboxylic 
acid group). m-Hexylmalonic acid (1.88 g, 10 mmole) was 


added portion-wise to 1.77g (21 mmole) of dihydropyran 

in L10umlsofsbenzene, containing sonendrop.of jconc.msulphuric 
acid.),.After: complete addition, the solution.was.stirred 
for 30 minutes at 25°, during which time it turned from 
palesyelloweto oOrangeyto green.4:Onwadditionrofsl«guof 
potassium hydroxide, the solution turned yellow and a 
gelatinous precipitate formed. As previously described, 
filtration, concentration, and nmr analysis afforded a 
yield.of ester«:estimated as 71-79%. 

instetrahydrofuran. To a solution, of.n-hexylmalonic 
acGida(h.87 -o7, 10 mmole )jminwstreshly distilledstetrahydrofu- 
ran, (from dithium aluminium»hydride),,(10 ml.) ,containing / one 
drop.of.conc. sulphuric acid, was added dropwise, 2.52. g 
(50 mmole) ofadihydropyrans\AGtern S0aminutess,at.26%t0.25° , 
the solution was treated with ca. 1 g of potassium hydro- 
xide pellets. A gelatinous precipitate formed and after 
’ i5-minutes thesmixture. was filtered., The ;filtrate was 
concentrated, and the remaining «cloudy oil’ (3.31 -¢) was 
shown by nmr analysis to contain 35% ester. 

The reaction was repeated. The dihydropyran was 
added to the acid solution which was heated to reflux. 
After 30 minutes, the solution was cooled and treated 
as described above. The residue (3.04 g) showed 69% 


ester by nmr analysis. 


ier vane Ry A 9m 
berrise saw hoitulor ots .01 the os daha ae a 
mor? bontut Sb ‘emit! dotdw gaits , oag4 te corona aga 
bad ot to! nolstbbs 20 198%R OF OgMETO Ot Meee: | 
“s bre wolley beams. noitutoe: sit . obhxorbyl ae : : 
«bodinoeoty hevotvery 2A , bemrot est sviqtze7q" ee 
& Fetalnid his sieqians vmx bite snoizentiteanan , nokseratet 
+ SP OTSIV! ope bosauisee 19428 %o sang: 


>t bb bbeteaileyy to Hottuloe s oT .mprptotbydsstes mk 
“udrorbyderz03 bollisetb yideott af. jotiem OF V3 v8. ft} bios: 
ona giintsinos (im 01). (obixbyd nuininels myiasis mor) net : ay 
g Se. $ eeiwqoth bebbe eaw , bios obrutighye” 3009 Xo qorb ” oe 
(928 99 8 26 2atumim OF TeF2A sneryqorbudEb Yo. (oLomm OE)” io 
iid |) msteantog 26:3 fl 89 dsiw bossex3 zeu aoitutoe ods oo 
Sotie baw beatot: otatigiaorg ‘euontssieg A cetetisg obix ‘ 
abw ote19Lit edt boxes ti3, ew oxysktin ods. vadonim gh a 
sew (a 18-8) tio ybuels grinénasy edt bas _botexgneones “Hy 
-eretes 62t aiesno9 oF pieylens: rma yt mrwoite 

by eel Sia herreryeemcian <a 


=a! 
an 


Reaction between Bistetrahydropyranyl n-Hexylmalonate(45) 
and 2-Chloropropanoyl Chloride. 


The ester 46 was prepared according to method A 
as described previously, on a 20 mmole scale from 3.74 g 
of n-hexylmalonic acid and 5.05 g of dihydropyran con- 
taining 3.37 g of diphenyl ether as internal standard for 
gic analysis. The crude ester-diphenyl ether concentrate 
was dissolved in 50 ml of benzene and added dropwise to 
Z0°mmeve of tsodrum*hydride Y€V0 F849. geoff a°56"7% Voll dis- 
persion) in'50 ml of benzene. ‘Quantitative hydrogen ‘evo- 
Habilon*resurted at 50-352.5sThe clear solution thus obtai- 
ned waskcootea Sto 5” and 32.64% 9(20 mmole) tof 2-chloro- 
propanoyl chloride in 20 ml of benzene was added all at 
once. On warming to room temperature, a gelatinous pre- 
Cipitate appeared at 18-20°. The mixture was magnetical- 
ly stirred. Aliquots (5 ml) were taken at intervals of 
time given “below. Glacial acetic acid (ca. 0.5 m1) was 
added to each of ‘these aliquots, and the resulting’ mix- 
eures “were "Heated Sunder reflux for eat l?+S*hours. 
Gle*analysis,(10%°SE-52%on"ChromosorbYW, 1552) rof«the 
mixtures gave the following results (time of acylation, 
6 yield of 2-chloro-3-decanone): PS mine OAs wl) hr 4 
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Ketonic Cleavage of the §-Ketodiester obtained from the 


Reaction of Bistetrahydropyranyl n-Hexylmalonate (45) and 
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2-Chloropropanoyl Chloride. 
Aliquots (5 ml) of the mixture obtained in the 


preceding experiment after a one-hour acylation period 
were treated as follow. Analysis was done by glc (15% 
SE=52.0n Chromosorb. W,. 155°) as before. 

Novacid’catalystz, px Sami aliquot (was heated funder 
reflux for, 2.,hours.), he; carbon dioxide. evolution was 
measured over di-n-butyl phthalate saturated with carbon 
dioxide. The gas was evolved at a rate of ca. 0.02 ml 
pen.min. .After, 2.hours, the yield: of 2-chloro-3-decanone 
was estimated as 41% by glc. 

DECtiC, acids GCatalysiveunaoe tl alaquots (ca, 0.58 mmole 
OL Wegketodiester \wwasetreatedewith, 0 .o misoteelacial, acetic 
acid (ca. 8.5 mmole). A fast and complete carbon dioxide 
evolution occurred when the mixture was heated to reflux 
for igs hours. [he yield of 2-chlord-=5-decanone was 
estimated as 94% by glc. 

A 5 ml aliquot (ca. 0.8 mmole of @-ketodiester) was 
treated with. 15 mg (0.25 mmole) of acetic.acid. On heating 
under reflux, carbon dioxide was evolved at a rate of Cas 
De0Zh PET sMin wwotters lwo ehours hery1eld Of.2-chloro-5- 
decanone was estimated as 58% by glc. 

Pe Volgenesulphoniceacid catalyst. Loyagoeml aliquot 
of the 8-ketodiester solution (ca. 0.8 mmole) was added 
O- 279, go(l26. mniolée) of ,anhydroussp-toluenesulphonic acidt8>5 


Asethe mixture.was. heated. under,»reflux,.it turned dark 
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Orage. jwAtter 2 hours, and a varaaple (0703-0.05° ml per 
min.) and incomplete carbon dioxide evolution the yield 
of 2-chloro-3-decanone was estimated as 46% by glc. 

In the same manner, addition of 52 mg (0.30 mmole) 
of p-toluenesulphonic acid (anhydrous) to a 5 ml aliquot 
also resulted in incomplete and variable slow carbon 
dvoxitde -cvOlution. @Nitver 2.5, nours,Of reLlux, the yield 
of 2-chlioro-3-decanone was estimated as 36% by gic. 

OULU eG acim Cala yoUrme lord, o Ml! dltquot OL tie 
B-ketodiester mixture (ca. 0.8 mmole) was added 4 drops 
GieCONC. 7SUlLpNUhLC aerd, (ed. iw scauly.). AS the mixture 
was warmed to reflux, a tarry residue formed. A slow 
(0.03 ml per min.) and incomplete carbon dioxide evolution 
resulted. After 1.8 hours, a 46% yield of 2-chloro-3-deca- 


none was estimated by glc. 


Preparation of 2-Chloro-3-heptanone. 


n-rropy Imalonie "acid (C/o 3g esUemnole) was tconverted 
into the bistetrahydropyranyl ester with dihydropyran 
(12.6 g, 150 mmole) in 50 ml of benzene containing one 
drop of conc. sulphuric acid, and treated as described 
for-en=hexyimnalonLe-dcid »inemethod, A. +lhie-=ester concen- 
trate was dissolved in 50 ml of benzene and added to 
50 mmole of sodium hydride in 100 ml of benzene. Hydrogen 
evolution started on heating to 40°, and continued below 


30° as the ester was being added dropwise. After the 
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hydrogen evolution was completed, 50 mmole of 2-chloro- 
propanoyl chloride in 20 ml of benzene was added all at 
once to the cooled (5°) pale yellow solution. After 
SHIFPIing*foOr an@-additional+30%minutes ,°15%m) of Sglacial 
acetic acid was added and the mixture was refluxed for 
PP7s+hours.™thetcooled -reaction mUxture was washed with 
25 ml of water, then alternately with .50 ml of saturated 
sodium bicarbonate solution and 50 ml of dilute hydrochlo- 
ric acid (3 times), followed by brine and drying of 

the organic phase (Na,SO,). The crude oil obtained upon 
concentration (rotary evaporator) was distilled and 
apfordéd G.1Ce.(C82e).of ja ketonic? £ract ion (boiling Zat 


77-84° (30 mm). Redistillation gave pure 2-chloro-3- 
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Preparation of 2=Chloro-5-methyl1-3-heptanone. 


In the same manner, 2-butylmalonic acid (8:0°¢, 
50 mmole) was treated with 12.6 g (150 mmole) of dihydro- 
pyran. The resulting diester was reacted with sodium 


hydride (50 mmole) in 100 ml of benzene at 45°. The 
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sodium salt of the diester (a pale yellow solution) was 
treated with 2-chloropropanoyl chloride (50 mmole) as 
before at S5°0 vAceticvacidp(lr5simh) ,cleavagevand twork-up 
as deseribed spréviously, ‘afforded, vafter two distilbla- 
tions, 5.6 g (69%) of 2-chloro-5-methyl-3-heptanone, 
Borols .(3hamm) ; that 
cm? (C=0); nmr (CCIM rSse0 489! en, Caycris et cps) exten, , 


1.4367, ir (liquid film): 1720 


OOO idy S)tasec7 eps) C#.CH, iL SDA Sem 5. 2) CHCH.CH,, 
BP. SS aCdge ses S24 247.2eps ). Ex 


1.7-2.3 (m, 1) CHCH CHC1, 


ee 3 


ZVE= 287 O(n 9529 CH,C=0, 4 doh (qQGav ,Ot= 47 Ceps OCH see ke 


3 
mass spectrum m/e (relative intensity): 162(0.9) Mitchie) 
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Formation of 2-chloro-3-decanone by Elimination of the 
Potassium Hydroxide Treatment of the Bistetrahyropyranyl 
Ester. 

n-Hexylmalonic acid (1.88 g, 10 mmole) was added 
portion-wise* to 2.62 ¢g° (30 mmole) *of*dihydropyranrpin 10 
ml of benzene containing one drop of conc. sulphuric 
daeidtandes.01 9 %0f diphenyl éther@as anternad standard 
fOEee leCyanalysis.s oCAfterea SOrmEnitetstirrine tperiod 
below 30°, the pale yellow solution was added to 10.2 


mmole of sodium hydride in 15 ml of benzene. Quantitative 
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evolution of hydrogen was obtained at 25 to 27°. Mavi 
tion with 10 mmole of 2-chloropropanoyl chloride as des- 
cribed in the preceding experiment, followed after 1 hour 
by 15 mlcof paceticsacidsll.S hour ‘of,ref Lux), gave ia.98% 
ybtelid of .2-chloro-3-decanone. )(gl¢,.15%,SE-52 on »Chromo- 
SOT DAW. ¢55.c-) 

Om Gepeatine athesreaction as described, ~the ,ester 
solution obtained was a dark red colour. Addition of 
this .solution to sodium hydride.resulted in a very .fast 
evolution of hydrogen. The yield of 2-chloro-3-decanone 
was estimated as 70% by glc, in this experiment. 

A second attempt at repeating the reaction as des- 
cribed;-.led:+ tothe: formation+-of-a-pale.orange diester so- 
lution. On addition to sodium hydride, hydrogen was 
evolved immediately at 25°. The yield of 2-chloro-3- 
decanone in this experiment was estimated as 92% by glc. 

Excess sodiumshydride.(1L03)ennAypalenyellow,ssolLuz 
tion of diester (10 mmole) obtained in the manner des- 
cribed was added to 11 mmole of sodium hydride. The 
resulting solution,of sodiumjsalt,was treated with ;2- 
chloropropanoyh chloride.(10 mmole) as .describedupre- 
ViLeUusSly<.aAtter+cleayage wiuthyaceticzsacidsy(lS ml) Ss there 
was formed a_.78% yield of 2-chloro-3-decanone, as esti- 


mated (by, 1 el Gehl 5 3eSHe52 one Chromosorb iW, (155°) % 
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using p-Toluenesulphonic Acid as Catalyst in the Ester 


Formation Step. (Prodedure A) (Results Tabulated in 
Table V.) 


_2-Chloro-3-decanone. To 10 mmole of n-hexylmalonic 
acid as a slurry in 10 ml of benzene containing 2-3 mg 
of anhydrous p-toluenesulphonic acid, 18° was added drop- 
wise, 30 mmole of dihydropyran, at 25°. The mixture was 
magnetically Stirred: "8A*elear@colourless*™solution resul- 
ted even when the temperature was allowed to rise above 
S05. "After 30 minutés of additional“ stirrings the solu- 
tion was added dropwise to 10 mmole (0.1 to 0.2 % excess) 
of sodium hydride in 15 ml of benzene. Gas evolution was 
very slow at 25°, but increased on warming to 35-40°. The 
addition was continued at such a rate as to obtain a 
moderate evolution of hydrogen. After quantitative hydro- 
gen evolution, the clear pale yellow solution was cooled 
to 5° and 10 mmole of 2-chloropropanoyl chloride was added 
ailt’VatyYonee.”*Sodium chloride precipitated when*® the °mix- 
ture warmed to’ ambient temperature. After 30 to 60 min- 
utes?"the “mixture was’ treated with’ S’ml°of glacial 
acetieeacidrand heated under reftlux*for’?). S*hourss” Alter- 
nate acid-base treatment as before yielded a residue 
which analysed for 100% 2-chloro-3-decanone by glc (15% 
SE=52*en®Ghromosorb @W,P1S5=)% 


5~Chloro~1-cyclonexy = z@butanone- In the same 


manner, 5.6 g (30 mmole) of cyclohexylmalonic acid in 
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30 ml of benzene was treated with dihydropyran (15.2g, 
180 mmole). Dissolution of the acid occurred on heating 
the mixture to 35°. ‘The colourless solution was added 
to) S50 immotesofasodium hydridemine45wml ofsbenzene.-cHy- 
drogen evolved on warming to ca. 60°. The solution was 
cooled to 5° and 30 mmole of 3-chloropropanoyl chloride 
in benzene was added all at once. Sodium chloride was 
precipitated on heating at 55-60° for 30 minutes. The 
reaction afforded,;iafter acétic acid (15ml)i treatment 
and-work\up as before, 19.g\ ofa) palecorange oil.) Dis-= 


tillation gavetSr47c¢).(97%) Lofn3-chiorosisacyclohexy!-2- 
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identical spectroscopically to the material previously 


butanone,vbpu90-92S €4.064.5 whm)5in 1.4700, which was 


prepared by the Bowman procedure. 
2-Chloro-5-methyl-3-heptanone. © 2-Butylmalonic 
acid» (8.0 g, 50 mmole) was treated with 12.6 g (150 
mmole) of dihydropyran in the manner described pre- 
viously, affording a colourless ester solution at 25°. 
Addition of this solution to sodium hydride (50 mmole) 
in benzene resulted in hydrogen evolution at 40°. After 
cooling to 5°, 2-chloropropanoyl chloride (50 mmole) was 
added all at once. After stirring for 30 minutes at room 
temperature, the mixture was treated with acetic acid 
(15 ml) and worked up as before. There was obtained a 
yellow oil which afforded upon distillation 6.54 g (81%) 


of 2-chloro-5-methyl-3-heptanone, bp 77-79° (19 mm), 
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aa 1.4367, which was identical spectroscopically to 


the material prepared by the previous method. 

2-“Ghtovorssheptanone i-jin the same jmanneri, nn spro- 
pylmalonic acid (3.48 g, 30 mmole) was reacted succes- 
Sively with dihydropyran (90 mmole), sodium hydride (30 
finoue wa tata 2-chloropropanoyl chloride (30 mmole) ‘in 
benzene. After acetic acid (10 ml) treatment and work 
up as before, there resulted sl4%g of .crudé "reaction :pro- 
duces, a)istu lation igavei6ni.g of a ketonic fraction 
[60-80° (15-20 mm)] which was chromatographed on silica 
gelrusing iaswater-cooled column;*and n+pentane:ether 
(20:1 by volume) as eluant. Pure 2-chloro-3-heptanone 
was eluted as the second component, (2.71 g, 61%), bp 
8515S HeO2629 mm) ; nae 1.4339, and was identical spec- 
troscopically to the material prepared by the previous 
method. 

2-Bromo-3-heptanone. Addition of 2-bromopropa- 
noyl chlonides(5 -2ieg}..30 jnmole jintoacthe lsolutiondofiebis- 
tetrahydropyranyl sodio-n-propylmalonate [prepared as 
above from n-propylmalonic acid (30 mmole), dihydropy- 
ran (90 mmole), and sodium hydride (30 mmole) ],afforded 
after cthe :isua heacetictacid  wtreatmentcand' workwupyilS ¢ 
of “angoranigehobl j deAfter idistiblation; sal befmactions 
boiling below 75° at 7.5 mm (9 g) were chromatographed 
Gnes Pirearce beds win fthe preceding expeniment.. uwp2- Bromo- 


3-heptanone (4.66 g, 81%) was obtained as a colourless 
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(C=O); nmr (CC1,): o OF9L 


liquid?! (hachrimatory V)y bp%739537420° (9 -mm) yin 
i 


1.4580, 
ier Cl Pquid ME tim) YP8L720 sem” 
Chie tt $5.5.) terminal-CH., 
(d, 3, J = 7cps) CH,CHBr, 3.5-3.9 (m, RCH 


DHL HOT GHN ANCE ICH GH, Pe DRT3 


,C=0, 4.36 


(ay Ly Juss? eps) SCNSCAby ass spectrum m/e; (relative 


5) 
intensity): 192(1.6) M” (Bry) 194(1.6) M" (Bre,) 109:(2:5) 
LOM (2h) SNES 0 wSs AG0O} E46) SO ( ko}, Anal?’ Cate dy 

CO CoH, Bro: CP SSS atl Onmb rs 4 beso e ahoultd ; 

Gyre Sis; GH, poeo2z sur 7 74106 . 

Addition of 6.5 ¢°(30 mmole) of :2-bromopropanoyl 
bromide (instead of 2-bromopropanoyl chloride) produced 
reaction -with ‘the “sodium¢salt solution vof the ester 
below 18°, with precipitation of sodium bromide. The 
Grude product y(b1l ¢)) after distrllation ‘and ichromato- 
graphy Overwsilicatge] »rattorded 5.95 ¢9(68%)*of 2-bro- 
mo-3-heptanone, identical to the material obtained from 
2-bromopropanoyl chloride. 

ZG POro=2=nethyl-j-heptanone..; lo the vsodiumasalt 
solution of bistetrahydropyranyl n-propylmalonate (30mmole) 
obtained as described previously, cooled to 5°, was 
added, all at once, a benzene solution of 4.3 g (30 mmole) 
of 2-chloro-2-methylpropanoyl chloride. Upon warming to 
60° sodium chloride precipitated. After 30 minutes at 
this temperature, 15 ml of acetic acid was added and 


tie Intxtureiretlux forviss chounsa~9tUponiwork up, as 


before, the yield of 2-chloro-2-methyl-3-heptanone was 
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eStimatedjasal stebyugicfanalysais (15% SE-30s0n) Chromo- 
SOrbwWg0130c)-c Distillation of the, crude, reactionypro- 
duct afforded material which boiled over a wide range 
[from 70° (30 mm) to 100° (10 mm)], which contained 

(by ir analysis) an acidic component. The distillate 
was washed with cold saturated sodium bicarbonate so- 
lution. athe residuesanalysed (by;,eic) for 27% chloror 
ketone. A sample of 2-chloro-2-methyl-3-heptanone 
purafaed-by\preparative eich (15% STAP 4/56). displayed 


the following properties: re 1.44253 an (diquidgéaim) : 


1) 


1720 cm ge€G=0)senmr (CC1,): 0m0894 (br “t3e59 terminal - 


les 1idolabedmyy4) Ce, cx. cH IS GamCSeu ovat Che) Clk 


2 
Liddetl( teh ,dree7uyeps) CH, CH 


3? 
,0=0; mass spectrum m/e(rela- 
tive intensity): 164(0.25) M (Glee) 162(0.7) Ma (Ol 92) 
SHilO0) yo 7000041 (660) 59420) Anal a) Cavleds wfor 
CoH, C10: CAV SOLUS eH Tio. CURRC INEZ IA SOle Found: @G@ 
SVeOl seh 29.453 Clyaa21 346. 

2-Bromo-2-methyl-3-heptanone. To the sodium salt 
solution of bistetrahydropyranyl n-propylmalonate (30 
mmole), obtained as described previously, cooled at 5°, 
Wasvaddedsfalinat i onee, a. benzenensolution,ot ScSage( 30 
mmole) of 2-bromo-2-methylpropanoyl chloride. The mix- 
ture was warmed to 65° for 30 minutes... Acetic acid 
treatmenteand work-up/as~beforegeafforded! dd .digpofha 


yellow-green oil. Vacuum distillation at 10 mm, followed 


byrchromatography over silica:gel, (n=pentanetether, 
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ZU... Dy eVOLUMe) OL ali tractions (6.8 9) distilling 
below 80°, gave 0.55 g (9 %) of bromoketone. The pro- 
duct was shown by glc to contain a minor impurity. 
Propatative gic (057 Xbeito0, Lis”) arfrorded pure 
2-promo- 2-Metnyl-d-heptanone, 1r (laguid fiim): 1710 
(C=0), 1368, 1484 cm” (methy2 groups ); nmr (CC1,): 

CH 


DEO 4 biety ->)* terminal On. Leeds OF (mics) CH,CH 


3? Dae 
ieoemtse Ole (Cas) sc Br, 2 iomtuy 2 jeune) eps ) CH CHG =O% 
mass spectrum m/e: 206 MCB rae 208 MirUBrranyle 85 M - 


(CH,) CBr. This bromoketone was found to darken rea- 
dily if stored at room temperature. The minor compo- 
nent (isolated by prepardtive glc)*was tentatively as- 


signed the structure 2-methyl-l-hepten-2-one, ir (liquid 


film): 1675 (C=C-C=0), 3090, 1731, 1628, 930 cm! 


(CH,=C) ; nmr (CC1,): 0 (ON OTEK Deas.) terminal-C#., 


9 9CHz, ieeo metro, 0) — ob. cps) Ga 


7° CDS).On 


Dela, Stig 4) Gis Ge Con, 
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3-Chloro-1-phenyl-2-butanone. Phenylmalonic acid 


(3.6 ¢g, 20 mmole) in 20 ml of benzene was treated with 


Licps ) Cz. 


10.2 g (120 mmole) of dihydropyran at 30° and magneti- 
Calo estinrea mor i hour. “Additron of the colourless 
solution of ester to 20 mmole of sodium hydride in 40 
ml of benzene resulted in hydrogen evolution when the 
mixture was warmed to 50-55°. A white precipitate was 
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once, a benzene solution of 2-chloropropanoyl chloride 
(2.6 g, 20 mmole). The mixture was allowed to warm up 
COCroOome cenperatarey) FAter "LS.hourss ‘acetac acid (15 mi) 
was added to the gelatinous mixture which was then 
heated(to.reflux) (1.5 hours)<, Work-up, as before, affor- 
ded a crude reaction product which was chromatographed 
Overesilica él. (wa pentanenether,420cdebyqvolume).,a_The 
secondicomponent’ (1e98de64553)4to eluterwasmthes,desared 


3-chloro-1-phenyl-2-butanone, obtained as a colourless 


20 a6 
D nD 


1.5204), ir (liquid: film): ©1725-(C=0),-745,-700 cm + 


liquid, bp 96.5-97.0° (2.5 mm), no” 1.5246 (1it.19! 
(monosubstituted phenyl); nmr (CC1,): OA LES Soden jady = 
Te tps OCEOOHNCIAA S86sst 2) (CE CHOnaledvorsnedy| Gp Hes 


mass spectrum m/e: 182 M"(Clzc), 184 M (C1 119 M- 


Saw 


CH,CHC1. 


3-Bromo-1-phenyl-2-butanone. To the sodium salt 
of bistetrahydropyranyl phenylmalonate (10 mmole) (ob- 


tained from 10 mmole of phenylmalonic acid and 60 mmole 
of dihydropyran as described previously) was added a 
benzene solution of 2-bromopropanoyl chloride (10 mmole). 
After 18 hours at room temperature, the mixture was 
treated! witht 10’ ail tof aceti cedcid cand refluxed! over. 5 
hours. After work-up as before, there was obtained a 
crude product which was chromatographed over silica gel 
Gi=pentane::ether’, (20,: biby ivol ume)iee3- Brome tphenyk=2 = 


butanone (0.27 g, <2%) was isolated as a yellow oil which 
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darkened within *one’*hour ‘at’ room “temperature. °° Ir (liquid 
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fricin eo 1 dl HAS “$0¢C30) snr RGGI, ee 1 POU FEE, 1S l= 


7 cps) GELCHBTIS S’. 901E( PINE SC=O-P 40 “dy 197 cps) 
CH,CHBr, i125 TCs, tS) Cele; mass spectrum m/e: 226 Me Go) 
228 M’ (Brg,), 119 M - CH,CHBr. 


Preparation. of '2-Chloro-2-methyl-3-heptanone by Pyrolytic 
Cleavage of the §-Ketodiester 47. General Method for the 


Preparat roi or a-Haloketones listed in Table VI (Proce- 
dure B). 

The p=ketodiester 4/ obtained as-a mixture with 
SOulurecnLOride ii, benzene by; procedure A [trom the acyl - 
ac LON, OtmtiesSOdium Salt Of Distetrahy dropyranyl) 7-propy1- 
Malonate (50 mmole) with Z-chloro-2-methylpropanoyl chlo- 
ride (30 mmole)] was filtered through a coarse sintered 
class tunnel! oO remove the precipitated, sodium chloride. 
tien salt was washed three times with 10 mi-portions of 
dcyebewwene,. chen with a 0 imil portion of opentane., “the 
filtrate, was concentrated (rotary evaporator) and afforded 
ie Co eOe rd Viscous. cloudy.011 2 Sie concentrate was 
transferred to a distilling apparatus which was then 
immersed in a preheated oil bath (ca. 165°) and slowly 
evacmared. ithe first fraction to*distil!l was identified 
MSvdinydromyran. AS the goressure reached. 25 mm, a colour- 
Messeladuid (5.09.29), borings between) 75 vand 34". was (ob= 
tained which contained an acidic component [Ir (liquid 
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frrmyt——1700 br (C20), 2700-3500 cm ~ br (bonded OH)]. The 
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liquid was dissolved in n-pentane and extracted with 
~rce=cold dilute sodium hydroxide, / After drying (Na,SO,) 
the organic phase and removal of the solvent (rotary 


evaporator), \the residue (5.42 ¢./45),)avcolourless oli, 


20 
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Was shown to be identical (spectroscopically) to 2-chlo=- 


WaseaiStihted. \Dpeo1woco9 nO. mC o2emnm) . on 1, Siz 98) arid 


ro-2-methyl-3-heptanone obtained by procedure A. 


EPEepavdelousO1 14> BROMO Ze Mecoyamo sicDLanone by. Procedure 
B. 


The 8-ketodiester obtained as a mixture with sodium 
chloridé in benzene by procedure A” [from the acylation’ of 
the sodium salt of bistetrahydropyranyl n-propylmalonate 
(30 mmole) with 2-bromo-2-methylpropanoyl chloride (30 
mmole)] was treated as described previously. Pyrolysis 
Or the 3 ketodres ter -Coneent ra te Gio oevdnwa-preneated 
oil bath (170-180°) under vacuum (15 mm) in the manner 
described in procedure B, atrorded) a traction Dowling 
between 70 and 100° (6.05 g). The product mixture was 
washed with ice-cold dilute sodium hydroxide and yielded 
Ao ee OtenNeutcral Matevlal, It eel naurdr 1 ene ee oer ( C=O). 


LOS. Sie 


(C=C-CH=0) Gly analysis (loo OE oun L505) 
showed the presence of 56% 2-bromo-2-methyl-3-heptanone 


and 2loeZ-methyl-i1-hepten=5- one. 


Preparation. o: 35-Chloro-l-phenyi-2:outanone by Proce- 


dure B. 
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Theemixture obtained from the acylation of  bis+ 
tetrahydropyranyl phenylmalonate (30 mmole) with 2-chlo- 
ropropanoyl chloride (30 mmole) (as described in proce- 
dure A) was filtered. The filtrate ue concentrated 
and yaiedded’ 260s a0tecridespeketodiesterciaPyrolysis of 
the Bcketodiester)inoacdistillationiapparatusn [held in 
a preheated oil bath (130°) and evacuated to 2 mm] af- 
forded a fraction boiling between 70 and 100°. It was 
dissolved in n-pentane and washed with ice-cold dilute 
sodium hydroxide. After drying (Na,SO,), the onganie 
phase was concentrated. The residue,'a colourless oil, 
(3.08 g, 57%) was shown to be identical (spectroscopi- 


cally) to the material obtained by procedure A. 


PreparattonoofuS-Bromoel-pheny]=2=butanonepby=Proce= 


durenB? 

The mixture obtained from the acylation of bis- 
tetrahydropyranyl phenylmalonate (30 mmole) with 2-bromo- 
propanoyl chloride (30 mmole) (as described in procedure 
A) was filtered. The filtrate was concentrated and 
yieldéed)24 g’of crude: 6-ketodiester:.iThenlatter \was 
decomposed in a distillation apparatus held in an oil 
bath at 150-170° in the manner described previously. 

This procedure yielded 5.36 g of a fraction distilling 
ate70e1t1> “(345 Imm). AlTheaneutnalfcomponentio£ this 


fraction, obtained by ice-cold dilute sodium hydroxide 
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wash as described before, was distilled. The material 


20 
D 


1.5395) was spectroscopically identical ito 


Sbitamneda(2e5 Pont asntyee bp loa 11a «(3.45:. mm) jm 
Or n-> 
D 


1.5346 
GLE: 
3-bromo-1l-phenyl-2-butanone prepared by procedure A. 

The material obtained (2.5 g, 54%) by acidification of 
the base wash with conc. hydrochloric acid, and extrac- 
tion with ether was identified as 2-bromopropanoic acid, 


187 96°. (10mm) }], meee 


bp 78-80° (2.5 mm) [lit. 1.47528 
ir (liquid film): 1700-1740 (C=0), 2500-3500 cm (bonded 
OH) nmr (CC1,): O80 (0 eo eee ae cps) CH,CHBr , 4.41 


kg; simp acd=P7ecps ) CH,CHBr, E2830 0b r Ssh ql).-COORs 


Attempted Preparatzon of S2€h¥ore=semethylolephenyls2 = 


butanone by Procedure B. 

The sodium salt of the bistetrahydropyranyl phenyl- 
malonate, prepared on a 10 mmole scale (as in procedure 
A) as a slurry in benzene, was treated at 5° with 1.6 g 
(e2emnoleyMoLy 2-chlorosZemethy ipropanoy ly chioridétaines) 
ml of benzene. The mixture was heated during 5 hours 
at 65°, then left for 19 hours at ambient temperature 
(Z5=-272)% -aAttercfiiltrataoniofrthe solid: materiad ,?ithe 
fidtecrater was) concentrateds (rotary tevaporator).«sihesre- 
Sidue (9.23 g) was decomposed in a distillation appara- 
tus held int anvoil Bathtatsds0ai 70° in’ the mannercdes- 
cribed previously. All material boiling below 115° 


(1.5 mm) was collected:, Thésneutral component (after 
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dilute sodium hydroxide wash of the distillate as before) 
was shown to contain no ketonic material by ir analysis. 
Acidification of the base-wash with conc. hydrochloric 


acidwand ether extraction, natrorded 205) ¢ (76%) Of 


2=chioro=2-methylpropanoic acid, ine O02 (lit. 7° 
Perso). dite CLTquia elim) lL OO—1740 «(6=0) 1) 2500-5500 


cm + (bonded OH); nmr (GIy poeta (s &O) CH CClerniiln 75 


+ 


(cee) COOR ms Mass spectrum m/ery no M*, 87 M Gi AT 9 


+ 
Mex CO,H. 


morempted Preparation of 3-Bromo-5- methyl -l-phenyl 22; 


butanone by Procedure B. 

The sodium salt of the bistetrahydropyranyl phenyl- 
malonate, prepared on a 24 mmole scale (as in procedure 
A) as a slurry in benzene, was treated at 5° with 4.5 g 
CZs mmo Le) ot 92 -brone-Z2-methyipropanoy ) chloride. an) 25 
ml of benzene. After 6 hours at 65° and 18 shours at 
ambient temperature (25-27°), the mixture was filtered. 
The filtrate was concentrated (rotary evaporator) and the 
residue obtained (13.4 g) was decomposed in a distilla- 
tion apparatus held in an oil bath at 165-180° in the 
manner described previously. Evacuation to 2 mm pro- 
vided a distillate which upon extraction (as a solution 
Imo pentane) wi thedilutessodimmenydroxide... and acida- 
fication (with conc. hydrochloric acid) of the base-wash 


as described previously, afforded 3.15 ¢ (78%) of 
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2-bromo-2-methylpropanoic acid, mp 38.5-41.0°, identi- 
cal spectroscopically to the authentic acid prepared by 


bromination of 2-methylpropanoic acid. 


Preparation of di-t-butyl malonate. 


Malonic acid (20 g, 20 mmole) in 40 ml of ether 
was shaken with 50 ml of 2-methylpropene and 2 ml of 
conc. sul piuric “acid in a pressure bottle for. 7, hours 
according to the method of McCloskey and coworkers. +? 
The procedure yielded 20 g (48%) of di-¢-butyl malonate 
as a colourless liquid, bp 109-110° (20 mm) pees ee 


112-115° (31 mm)]. 


Preparation of di-t-butyl n-hexylmalonate. 

Bromohexane (7.43 g, 45 mmole) in 10 ml of dry 
t-butyl alcohol was added to a solution of di-¢-butyl 
sodiomalonate, prepared from 19 g (89 mmole) of di-t- 
butyl malonate and 2.8 g of sodium hydride (57% oil dis- 
persion) 67 mmole) in 50 ml of t-butyl alcohol as des- 


cribed by Fonken and Johnson,!/3 


Aiter stirring wfor 48 
hours at 65°, the mixture was cooled and poured into 
150 ml of water. The organic layer was separated and 
the aqueous layer was extracted three times with ether. 
The combined extracts and organic layer were dried over 


anhydrous potassium carbonate. After removal of the 


ether and t-butyl alcohol by distillation at atmospheric 
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pressure’, a trace of magnesium oxide was added and 

the liquid was distilled in alkali-washed equipment. 
Me drsta lation yleidedeis+ 2: Otva’ fraction” Doldingeat 
So-1iZ-*{ivnm) : Redrst?ril ation: at rordede 149? "(30% of 


PUrcetior Duty en lem tilerondtey bp Lie la7 #00). or in) 
n20 
D 
115 05em 
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Reaction between 2-Chloropropanoyl Chloride and the 
podium Salt-ort Di-t-baty® w-Hexyimaronate., 


Dr co puLy 1 @n-nexyimarondtem (4 s10-e, i mmole). 11 
25 ml of benzene was added to 13 mmole of sodium hydride 
(10% excess) in 75 ml of benzene and heated under reflux 
according to the method of Johnson and Fonken !/° during 
4.5 hours (92% of the theoretical amount of hydrogen was 
evolved). A solution of 2-chloropropanoyl chloride 
(1752 gPs12Z\mmole)*in 10 ml of"benzene was added” ‘Heating 
fo rel whoursrestlted Vin the preeipi tatronvot"sodium’chlo- 
ridev) Anhydrous ‘p=toluenesulphonie acid (0.17%g, +1 mmole) 


was added to neutralize the excess sodium hydride. The 


0 , (#08) 8 va sa ta het nna 
, (amr E.0) SITE Gd (etecotamivnod-e Ie sone or 
Osta 2oer <(=9) ett ce ied ‘ee pore 
a i) 88.0 ie i(gfoas). 7 /ast ‘pltetes aac tS aL 
ee 2) 4.0 ,-gCoHd)- (OL em) Bf £2 oe 
seem; ¢f- re (ego f= te a) Eb Se 29 
(20) @8r ©) ADS om OMT + (ya temednd gvitetor) o\m mg x329q a 
saad | enh 00% (ES) OR Rin Lae cate ar 


ae et 


> 
is mae 
= - st Aad 


nt (3am Ve a ‘* » ‘tana laniyxod-« idea i pees Ny : 

| shivbyrt ‘wutboe te e foun ef ot bobba ewe snosned to te ae an 
xulter rabad borsad bids oneiaed to. Im ay ai (2292x8 00h mal 
- gmtaib aNe naknet brs noendol to bottom ea os gnibto a in n a 
enw nogorBi, 46 pod Tat deroai Pi % ase) eruod 2. Lo 


 ebfrofdig Tyons oizubos A 

_ geiveai | Bobs. es nies : fn or ‘een - um 
-oti2 altboa Yo noinaaig 
(stan 5 a eee toe ain ha 


164 


In XGureawas, fil tered “and the filtrate was iconcen- 
trated {rotary evaporator). The residue (4.43 g’) 

was, added:to.50 ml. of sglacial acetic: acid ,containing 
28 (by volume) acetic anhydride and 0.1 g anhydrous 
p-toluenesulphonic acid wand heated wunder Treilux for2 
hours. lhe wvyuaeld ton -2-chloro-3-decanone. in the .result- 


ing solution was estimated as 27% by glc (10% FFAP, 160°). 


Preparation of Tetrahydropyranyl 2-Methylpropanoate (49). 
To 88 i (lL .mole), of freshly distilled \Z-methy Lpro- 


panoic acid in 500 ml of benzene containing 10 mg of 
anhydrous p-toluenesulphonic acid!85 was added dropwise, 
during 45 aminutes , 126.9 4(1..5 mole) of iduhydropyran at 
25244 After stirring for 30. minutes, ..16.° .0of potassium 
hydroxide was added, and the mixture was left standing 
Lowes houns Evltration and concentratiomeot Ghe ifid- 
trate (rotary evaporator) afforded a concentrate which 
was distilled under vacuum. The ester (143 ¢g,.83%) was 


obtained as a colourless liquid, bp 90-92° (8.3 mm), yee 


1.4347, ir (liquid film): 1740 (C=0), 1200-800 cm™! 
(C-O-C ether and ester); nmr (CC1,): Cael oO d eG p= 

7 cps) (CH,),CH, 1. 4-149 (am; J6,) -(CH,)2-, Zao 0s (SCD, ul, 
Tew ear etGH 5 Gaia. SAO AUN ACH Oe 87 aba 1.) 
O-C#-0. mass sspectrumsem/e (relative intensity). no M” 

G4 (350) aban) 25.6 (24055. C57) we OL OO SO 9 je a Anas. 
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Reaction between the Lithium Salt of Tetrahydropyranyl 


2-Methylpropanoate and 2-Chloropropanoyl Chloride. 
Under an atmosphere of dry nitrogen, 2'.83 ¢g (20 


mmole) of cyclohexylisopropylamine in 20 ml of tetrahy- 
drofuran (distilled from lithium aluminium hydride) was 
cooled to -45°. Addition of 13.3 ml of 1.5M hexane solu- 
ErOngo ten. Duty Ltthivum, during so. Minutes, .resultedmin. the 
fOMmiacsOn Ota .clear colourless ssolution... After.za 25 
minute stirring period, the solution was cooled to -78° 
and 3.2 g (19 mmole) of tetrahydropyranyl 2-methylpropa- 
noate in 5 ml of tetrahydrofuran was added dropwise, fol- 
towedy, arter 10 minutes, by =2. 6.40 (20 mmole) of 2-=chioro- 
propanoyl chloride. A white precipitate formed. which 
redissolved as the mixture was warmed to 25°. After 2 
hOURS ON Sadd1 tional SCLTrring-s omni Oe acial aCe ule 

Reid was added. A white precipitate formed. The gela- 
tinous mass was diluted with 15 ml of dry tetrahydrofuran 
and filtered. The solid (2.8 g) was identified as the 
hydrochloride of cyclohexylisopropy), amine, mp Z09.0- 
209.5°. Treatment with sodium hydroxide solution rege- 
nerated the free amine whose ir was identical to that of 
a commercially available sample. Treatment with hydro- 
gen chioride in ether gave back the hydrochlorides salt, 
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(ammonium bands); nmr (D,0): Cs 10/2) ath, con CD.S.) 
(CH),CH, SIRS eal Cid Wt p ead oa eres ol) (CH,),CH, O92) aid 
2,2-3.1 (m, 11) cyeto-C.H,,. The filtrate was heated 
Undeie ret lux, tor Joo hours. chen partially concentrated 
by distillation of the solvent at atmospheric pressure. 
The residue was poured into ice-cold 2N hydrochloric 
acid, saturated with sodium chloride, and extracted with 
n-pentane. The organic extract was washed with satura- 
ted sodium bicarbonate solution, then brine, and dried 
over anhydrous sodium sulphate. The solution was con- 
Conierated DY, distri latvon of PGhemsolvyente at: atmospherive 
pressure. The residue (4.4 g) was shown to contain two 
major components which were separated by glc (15% XF- 
1150, 110°). The first component (40% by glc) was iden- 
tiiredvase2-chloro-4-methy |S -pentanone W050)". 11 (higquid 


iy 


tim): 1720 (C=0), 1445, 1465 em ~ (cem dimethyl) y nmr 


(CC1,): Ome Zs, 10s eo Hea eG DSe) (CH,),CH, Ae rey blll (fa Ketan * 


d= Ors sops)) (CH GHOL 5305. (CSepea ted. = lec ps: (CH,),CH, 
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Ae ee elaoe— Oo CDS) GleChGle amass aSpecerul, Mm, &. 


3 


a7 om We MoeaGH CHCl. Whe Second 


component (22% by glc) was identified as 2-chloro-2-me- 
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14 Mi(Cle) 5156 M (Cl 


thy las-pentanone (Slyseit (liquidsqiim): 1720)cm = [e-U); 


nmr (CC1,): in OFC eo here S,) CH CH LOS See 6!) 


ged 


(CHz),CC1, De. 0d oe were Ss) CH,CH,C=0; mass spec- 


+ + + 
trum m/e: 134 M (Cl.-); 130 7M (Cl,.), 59M - (CH,),CC1. 
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